EDGE- CLAMPED AND MECHANI CALLY FASTENED | NNER ELE

OF SHOWERHEAD ELECTRODE ASSEMBLY [0001] This m “\m\\\ \\\\“\\ “
application clains priority under 35 U S.C. 11

U S. Provisional Application No. 61/251,177 entit kedss”
EDGE- CLAMPED AND MECHANI CALLY FASTENED | NNER E

CED GEGAMANIPED ANBOIBCRANIGAEVBEASTENESAINKER BEECTRODE OF
2009, the entire content of which is hereby

i ncor por at ed C B round [0002]
Di scl osed her 3%@&%%&&%@0@ RIEMBLY assenbl y of
a plasma processing chanber in which sem conduct or

[oooDpTHiEAbplication chndmidiacider 89 u.STh e 116k chaﬁﬂo%oﬁ’ﬂ ABPlication
integrated circuit chip typically begins wth thin,

NoP&/bShed hhitiEfESEE- EW{IP&‘BJANB X/IEtCﬂA?l%A?_hﬂENS%EﬁIE? INNER ELECTRODE

sem conduct or nat eri substr such as 'si

y Each__substrate is
or ShpERHE £ rnlr Burbigie Gesobar T a0t Rersras content o
rocessing steps that formthe various circuit
Wh@f‘l‘ﬁf@f%hyé%c%?f’r?‘ﬁé byefetansg-e. During the fabrication
process, various types of thin filns may be deposited
on the substrate using various techniques such as
thermal oxidation to produce silicon dioxide fil mns,
chem cal vapor depositi oBadi@rdirfqduce silicon, silicon
di oxi de, and silicon nitride films, and sputterlng or
e e h
W?P cBisc R R o Lo b R e Rl s e processink
h bstrat. the uni ue el ectrical properties of
chaZHR I e o O TR 5 SRR AFHRG Tha fabieation of ar
impurities into the sem conductor crystal lattice
integsatag ciscuiircbipdypicallyibiegids wishianbyn, Adlishetbgliee obhigh-pity, single crystal
substrate may then be uniformy coated with a thin
sentiegyreluctot matetabadesbtel (M2h a®kilidordr ZeHREhiGRNGEN ¥ Substrate.” Each

material, called a "resist.” Snmall geonetric patterns
su@ﬁsﬂfgi% {\r/blﬁltgla%g %é?{e/?l |6éil%_rjgt§ﬁerﬁl'c |$%%6%gp@%g§t frm the

various circuit structures on the substrate. During the fabrication process, various types of
thin films may be deposited on the substrate using various technigues such as thermal
oxidation to produce silicon dioxide films, chemical vapor deposition to produce silicon,
silicon dioxide, and silicon nitride films, and sputtering or other techniques to produce other
metal films.

[0003] After depositing a film on the semiconductor substrate, the unique electrical
properties of semiconductors are produced by substituting selected impurities into the
semiconductor crystal lattice using a process called doping. The doped silicon .substrate may
then be uniformly coated with a thin layer of photosensitive, or radiation sensitive material,

called a "resist." Small geometric patterns defining the electron paths in the circuit may
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then be transferred onto the resist using a process
known as |ithography. During the |ithographic
process, the integrated circuit pattern may be drawn
on a glass plate called a "mask" and then optically
duced, projected, and transferred onto the
therph%fra%%%?c{ wé thecrsaiet USE 2 RIBERSS knawn asilthaggripnBuring the
resist pattern is then transferred onto the underlying
lithegryttiapdocess, the intégreted ofrcuityateenmap bd deiworonmagias iphite called a
t hrough a process known as etching. Vacuum processing
"mazkredH¥ethen aptfcaderealadd, ro&’e%%i'j bod tr%ﬁ&?éb%rﬁ@%m%msﬁﬁéltwe
vapor deposition (CVD materials on substrates
Coaaﬁgplylng an etching or dep05|t|on gas to the vacuun1
nber and application of a radio frequency (RF)

o P S St Sl e ngine

for a plasma reaction chanber used in semnm conductor
su ff§€ﬁ)§ﬁtha§@“ ispstustes inpryeriah irawgisa priecess keewr peaithiogle/acuum
mechanically attached to a backing plate by a clanp
protéssigg aingmiidrs ergederbisised éors:tehivdarischamfaadbi deposition (CVD) of
bolts or cam |ocks. The threaded fasteners and the

mat(élrlgmanrstra@ésQa\(/'sgﬁpl%lﬁé X Blching BP a&?‘oqlueﬂlggé é & vary m%amber

I nprove thermal’ contact wth'the backlng | ate and

LN f the ctrode
and BT ONRF Bt BoodErlePT Ba i % gemrwgrg'zefﬁggmt&a plasrma
el ectrode has on its mounting surface a plurality of
stal®as injection holes arranged in at |east one
concentric row, a plurality of unthreaded blind holes
configured to receive aliSmmaty pi ns, an annul ar
groove configured to receive an alignnment ring, and a

[oop5Jur RtHOWerRdadtdidceade BssbinbydoN®plesm# AL fhbert Red in
recei ve the threaded fasteners such as bolts or a -

sen@%&u{gﬂtﬂgEX%&grgte:Urgge‘é?ﬂg ?‘g@g? %\ .H?&teléli’ﬁﬁa? %Qﬁgnﬂ% \p%t;taascﬁgd toa

e cams S rmun

ba%he g‘%ﬁﬁ*ﬁ'ﬂ@@&&??ﬁfﬁaﬁgﬁeﬁg ﬁ% Baaef%ﬂ'%?fﬁqoits {hepm

betmeen an outer electrode and the backing plate to
locks Jhp tlereadrskfagienerpandihestamcring wovidelatergiygeaged points of support,

improve thermal contact with the backing plate and reduce warping of the inner electrode
during operation of the plasma reaction chamber. The inner electrode has on its mounting
surface a plurality of gas injection holes arranged in at least one concentric row, a plurality
of unthreaded blind holes configured to receive alignment pins, an annular groove
configured to receive an alignment ring, and a plurality of threaded blind holes configured
to receive the threaded fasteners such as bolts or a plurality of threaded sockets that hold
spring biased studls engageable with rotatable cam shafts mounted in the backing plate. A
set of gaskets is sandwiched between the inner electrode and the backing plate and

between an outer electrode and the backing plate to provide thermal and electrical contact
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and el im nate rubbing contact therebetween. The
gaskets have hol es and/or cutouts aligned with
alignnent pins inserted in the inner electrode during
assenbly. The alignnment pins ensure accurate
positioning of the gaskets relative to the inner
andgglignnate qebbingrentpsktoatebetwreso Thegaskets have hales and/arstitnutss
aligned with the threaded blind holes, and gas
alighed with iabgnméno prs irsartedia theimeer deectdeadeng Bisembly. The alignment
Description of the Drawi ngs [0006] Fig. 1A shows a

pinP&isutPdcctia@SSosiRAN @R e gabiR @fatide &PWRITP 3R LLRE 1ThRPSskets
assenbly for a capacitively coupled plasm reaction
R rding _to _ane ient .. [OOD7] Fig.. 11
o SRRl ROEP O B R igh R Lt ko
el ectrode assenbly for a capacitively coupled plasma
holgsopy d'i‘f‘eéﬁgﬁﬁ € according to another enbodi nent.
[0008] Fig. 1C shows the details of a conpression ring
mount ed on a cl anprief Prycriptja@OfIhe Prayving®A is a
t hr ee-di nensi onal representation of an exenplary cam

[00b6IC kFig. AUA shadvt apdrtiaigress-settional éve of & shbeverrineaiditdectrode assembly for
shower head el ectrode assenbly shown in Fig. 1A

2B A SRR Ry

100p . 5 o et B ALy B WREL? SR O HHE P oemoly for

el ectrode in the showerhead el ectrode assenbly shown
a capacitively cqupled plasyaeadtiay chember agcopdipgto- anethar griRpdimasty

of the exenplary camlock of Fig. 2C. [0013] Fig. 3
[0008wEg.SliChbeow} thealetailn obacbraygressidil ynginawwtad en efclaawp ring.

exenplary stud used in the camlock of Figs. 2A-2D.
[00DOP 1. AA i9a tifhle-8inkuNSioRI FEpres Al dnT aRRAemBISBdkMock for

drawi ngs of an exenplary cam shaft wused Iin the cam

f Ei s ' —
ok s e e o N B

of, a_partion of the cam shaft of Fig. 4A or fﬁé& 4C.
[oo,;,g]geﬁg 2B is a cross-sectional view of the exemplary cam lock of Fig. ZA.

[0011] Fig. 2Cis a three-dimensional representation of an exemplary cam lock for
attaching an outer electrode and an inner electrode in the showerhead electrode assembly
shown in Fig. 1B.

[0012] Fig. 2D is a cross-sectional view of the exemplary cam lock of Fig. 2C.

[0013] Fig. 3 shows side-elevation and assembly drawings of an exemplary stud used in the
cam lock of Figs. 2A-2D.

[0014] Fig. 4A shows side-elevation and assembly drawings of an exemplary cam shaft
used in the cam lock of Figs. 2A and 2B.

[0015] Fig. 4B shows a cross-sectional view of an exemplary cutter-path edge of a portion

of the cam shaft of Fig. 4A or Fig. 4C.
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[0016] Fig. 4C shows side-el evation and assenbly

drawi ngs of an exenplary cam shaft wused in the cam

| ock of Figs. 2C and 2D. [0017] Fig. 4D shows a

parti al perspective view of the camshaft in Fig. 4C

unted in a bore in a backing plate. [0018] Fig. S5A

(001§ e, 3¢ ety sicecp eyatian anchareemely drawingrotian exeraplary tam shaft

shower head el ectrode assenbly in Fig. 1A showing a
use irthrmampiof figs dCfaad@D. [ 0019] Fig. 5B is a

cross-sectional view of the inner electrode in Fig.

[005A. Fid A020dwsd artiSiGelspeaive SRMASTARE carh SNUTOh Flidh B AR in a
in Fig.. 5B. [0021] Fig. 5Dis a top view of the inner

o BT BRI D 2 artial cr ase-sectianal vi ew of

e nper electrode in Fig. 5D or Fig. 5K across an
100Lg]5 AR 5 RS oo, o5 A e Szt 1 yowahen Sgetrone
partial cross-sectional view of the inner electrode in
ass@nbjy irgfiig.dA, shoyingskplasias epeses swofhee. 540A in Fig. 5D or a
hol e 540Ba or 540Bb in Fig. 5K [0024] Fig. 5Gis a
[oopelr tRigbB traxsesssectidnandéw of thwinfer ehetrbdwiarigebgct rode in
Fig. 5D across a hole 530aa, 530ab or 530ac in Fig.

[0028)- Fid) 82 anfdnthrgetidd ofthRQFdadn\ie¥p Of an inner
el ectrode in .the showerhead el ectrode assenbly in

tooghi®:rg 3o ST 81 B HHRE o B PR TG A, B it A Fipene liface

electrode in Fig. 5H [0027] Fig. 5J is an enlarged
[0092]c\fig PE i57cPaskial roas-pertipng viewof the)mpe)) elegtep dedkFig.5DortFign 5K

view of the inner electrode in Fig. 5H, show ng a
acrogs@ntanmgasgrod\ecS0A of 680®] Fig. 5L is a parti al

cross-sectional view of the inner electrode in Fig. 5K

[0023) OSE 58 ishlaRtial efdbectipABINRWOST tRSAREr é1Bctfddd-in BK-5D or Fig. 5K
[0030] Fig. 6 is an enlarged view of the proximty of

ki S0 1 16 AR 03 7,

[0092]S kﬁé 5G ifaagaertigfl cross-sectional view of the inner electrode in Fig. 5D across a
hole 530aa, 530ab or 530ac in Fig. 5D.

[0025] Fig. 5H is a bottom view of an inner electrode in the showerhead electrode
assembly in Fig. 1B, showing a plasma exposed sﬁrface.

[0026] Fig. S5lis a partial cross-sectional view of the inner electrode in Fig. 5H.

[0027] Fig. 5)is an enlarged view of the area A in Fig. 51.

[0028] Fig. 5Kis a top view of the inner electrode in Fig. 5H, showing a mounting surface.
[0029] Fig. 5Lis a partial cross-sectional view of the inner electrode in Fig. 5K across a hole
530ba, 530bb or 530bc in Fig. 5K. |

[0030] Fig. 6is an enlarged view of the proximity of a bolt 160A in Fig. 1A.

[0031] Fig. 7Ais a top view of an inner gasket, a middie gasket and an outer gasket.
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[0032] Fig. 7B is an enlarged view of the inner gasket

7100 in Fig. 7A. [0033] Fig. 7Cis a top view of an

i nner gasket, a first annul ar gasket, a second annul ar

gasket and a third annul ar gasket. [0034] Fig. 7D is

an enl arged view of the inner gasket 7400 in Fig. 7C
(00320 Fig} 7 Bis@n eplarged view efighe ineqr gdsketr7 108 irefig. gasket . a

first annul ar gasket, a second annular gasket and a
[0033}i (Fig. AGiswatap vigarsit@h inneDgRRdt, Ffigt anifuldrgaddat, aRkand&Hnular

view of the inner gasket 7800 in Fig. 7E. Detailed

gasiResd b PhilhnbRPgHke Pl asma reaction chanmber typically
consi sts of a vacuum chanber with an upper el ectrode

S : ctrode as Ly pasitioned
[oo?ﬁe?g? Ir71M 'S?H geﬂgasr%e?jﬁéw ?ttgﬁéqnle{/gasge@%é%ﬂgﬂ& or) to be
ocessed i s covered by a suitable mask and pl aced
W"%ﬁ r &8 ¥ §is@riop Mew of giepgaskety »fitst aryudarigsket, A speandessular
gas such as CF4, CHF3, CCIF3, HBr, Cl2, 5F6 or
Basket aed,p lyrd armgleesdskets i ntroduced into the chanber with
gases such as 02, N2, He, Ar or mxtures thereof. The

[0036) aFEeVF isan eRlardedivivadofahe Mnpr £Sk4I7800 MiEaE! Y 1n the
mllitorr range. The upper electrode assenbly is

provided with gas injggf £fs), which permt the
gas to be wuniformy d?%gg?ggﬁh?ﬁﬁ%ugh t he upper

eGt enb Lnto t chanber. One or nore
0071 S P ARRET kb L ShleelV s Sl ol RhamiRe widvagnumper
into the vacuum chanber and dissociate neutra
elechioge assemplicandil lewer elactiade @ssemblvarnsiion el tierain.r & agtstrate (usually
radicals in the plasma are forced towards the
- 2 segudpsiinetog ts be paressby isaovarkeby b switdbld madkchnB laseLMirdchi@ on the
upper and. |lower electrodes. The surface of the

low&rdIEdt fodfle @sdembBl GherdcQs galeneshd &Y &1F; eI hesp %ﬁ%lng or mixtures

reaction with the radicals. The upper electr
therdSBE T4 I n.inner el ectrod ttached to
€ baClEI ng BF%S{O%SEH%T F “ﬂl{hfgraé?sér‘f?h ?Fa‘?’eﬁ'F' & grr Y icHiges thereof.
H iFne el ectrode, The inner electrode is heated by the
®SMABRE 'SRaInGInet HenrersutetypirRi e reillitornganepeheruranr
and may warp, which can adversely affect uniformty
elecyiodp peseabdi ingrovided withraes injectien balbsi, maiich. pelmit Baggs %o be
uniformly dispersed through the upper electrode assembly into the chamber. One or more
radio-frequency (RF) power supplies transmit RF power into the vacuum chamber and
dissociate neutral process gas molecules into a plasma. Highly reactive radicals in the
plasma are forced towards the substrate surface by an electrical field between the upper
and lower electrodes. The surface of the substrate is etched or depositéd on by chemical
reaction with the radicals. The upper electrode assembly can include an inner electrode
attached to a backing plate made of a different material from the inner electrode. The inner

electrode is heated by the plasma and/or a heater arrangement during operation and may

warp, which can adversely affect uniformity of processing rate across the substrate. in

Page 5



addition, differential thermal expansion of the inner

el ectrode and the backing plate can |ead to rubbing

t her ebet ween during repeated thermal cycles. Rubbing

can produce particulate contam nants that degrade the

device yield fromthe substrate. [0038] To reduce
addjignn diftgrestiat thermal gegansipe ef thedener@lestrpiidba the beiking mata can

shower head el ectrode assenbly including a plurality
leadfo tubbagdeeteawbendurigsepdatebtHaahiicyaés. Rabbihg edbproduce

engaged with the interior of a nmounting surface of the

partiBiigfe BhR&iRMERhaEbe ?adé'tﬁ@@e\fléé\ﬁeld%m’t]'ﬂ l{l< BiErafidloe of

the inner el ectrode.” The bolts or cam s and clanp
n Lectrode to backi
1003 3 A8 &t pt BT SREUBRE Betdit L g ne SfrePest
electroge [0039] Fig. 1A shows a partia
e'ee%@sa%%ete'v T '"%Pé\‘/vr%'fty gt %?atcﬁes fastmers b o diea cam locks
el ectrode assenbly 100A of a plasma reaction chanber
engaged with lihaigtesiond fromduntingrsudadesdfitbd @eer dectrosb@ath aiclamp ring
Fig. 1A, the showerhead el ectrode assenbly 100A

arouné thedete afitherer elet@6dd. Othe bo&i@r%anﬂlﬁ@ks%nb@Féhipr}i}\gmaﬁéﬁthe
140A. The assenbly 100A al so includes a thernal

R e e B e o B TR B ene ner
ehé 4 shown) therein. The upper el ectrode 110A
e eérably includes an inner electrode 120A, and an

outer el ectrode 130A. The inner el ectrode 120A nay be
[0038H cFigf1AsheWhe petinlasosstipgfipnaLiview of araersion af a shavyerhiead electrode

single crystal silicon, polycrystalline silicon,
asssinblycl®0A oha biastea cractiat thambedfdrabdhthgraintohabctorldnBstratBErAs

el ectrode 120A is a consunabl e part which nust be

shdvaPin e dA RRE bilictidddelectidBe BaekibRo.oBh mcﬁldlé%ﬂxzr%r elect&ode
an

nechanlcally secured to the inner electrode

SR A A o

asse as shown i cally use
10%\:@ﬁemaﬁfa&f%&?ni&'ﬁsweefa‘ﬂ}% (op ﬁ&%e slﬁéﬁ%va&)'ﬂw%féovbabatnnels
of a flat |ower electrode assenbly on which a
(nog ghewn)dhereins The ppirarelagtrogat i preferablbindotdsanomer letectrode
upper el ectrode 110A. An exanple of such a plasna
120/ a6t apburhalktiesdd B0A. Pad Ahbedle@totie@20) RRY bE Afdeof a conductive

such as the Exel anTM Page 6
high purity material such as single crystal silicon, polycrystalline silicon, silicon carbide or
_other suitable material. The inner electrode 120A is a consumable part which hust be
replaced periodically. The backing plate 140A is mechanically secured to the inner electrode
120A and the outer electrode 130A with mechanical fasteners described below.
[0040] The showerhead electrode assembly 100A as shown in Fig. 1A is typically used with
an electrostatic chuck (not shown) forming part of a fl_at lower electrode assembly on which

a substrate is supported spaced 1 to 5 cm below the upper electrode 110A. An example of

such a plasma reaction chamber is a parallel plate type reactor, such as the Exelan™
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di el ectric etch systens, nade by Lam Research
Corporation of Frenont, Calif. Such chucking
arrangenents provide tenperature control of the
substrate by supplying backside helium (He) pressure,
~Wwhich controls the rate of heat transfer between the
dielggipis erchtsestene madedy ¢AmResedrdORarpordtion ofif rerment, Palisc s
gas froma gas source is supplied to the inner

chuekiag trratlemtaB Arovidy uglerane cOftrolf ehedABSHALE By 'sdibﬁhhﬁg backside
upper plate 104A which permt process gas to be

heligHPPlel §dss oV
e B S bR MR o el Bl PR IO Bt anc
the%&@ferably a planar di sk or plate. The inner el ectrode
can have a di aneter smaller than, equal to, or
| arger than a substrate to be processed e.g., upto
[Ooﬁgog%ﬂngﬁ‘?e "PHEEH 626 Eromsa gasdRUTeE issHprjied te thednegr electrode 120A
silicon, which is the dianmeter of currently avail able
thrayjghgine oc mpse passagies intbr uppereldtalloAtsehicti perndOProbaEs gas to be
substrates. For processing 300 nm substrates, the

supplidceto aadirtd Z0066r halDId onddaihvethd @b&xsrand the di aneter
of the inner electrode 120A from about 12 inches to

0 er.s
oo e st SR ERies @?%%%f%ﬁé\&aaaﬁ@& Pl RS Bectrode
tal silicon,

1208 py el 3o clan, S04 1< onoeest B substoataien be processed,
suitable material in the formof a ring) or a

e.8.5'8Ry OB nib HigaHate ds ade of sipeleapystad silicate wivish tistha diaaregercf
inaring configuration, such as segnents of single

curenylg bedilalsle kinglenrystaobijicnysitatialiusel i BOC®M subktrdte®'For processing
carbide or other material). To supply process gas to

t
18,80 e SRRSO e o AORG y

vvh h
A B B3 Lo 05y R el sl
energi zed into plasma in a reaction

“’-fe% a%ﬂ&e)ﬁeﬂﬁmtﬁfeel%wﬁ %P%e%w%aecormwpus:[mn@qr (SEngkingle

crystal silicon is a preferred material for plasna
cryssxisilisent polyertysteline sificanh silicanreadiidesdraxtt ar sditakil@ Bvtemiabin tieform of
outer electrode 130A. H gh-purity, single crystal

a risg)lor a eegmenited medber @ANIRFtdPatIOLghienEURENES] RS rfjn‘ér Ing

pl asma processing as it introduces only a Page 7
configuration, such as segments of single crystal silicon, polycrystalline silicon, silicon
carbide or other material). To supply process gas to the gap between the substrate and the
upper electrode 110A, the inner electrode 120A is provided with a plurality of gas injection
holes 106A, which are of a size and distribution suitable for supplying a process gas, which is
energized into a plasma in a reaction zone beneath the ljpper electrode 110A.
[0043] Single crystal silicon is a preferred material for plasma exposed surfaces of the

inner electrode 120A and the outer electrode 130A. High-purity, single crystal silicon

minimizes contamination of substrates during plasma processing as it introduces onlya
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m ni mal anobunt of undesirable elenents into the

reacti on chanber, and al so wears snoothly during

pl asma processing, thereby m nim zing particl es.

Alternative materials including conposites of

. materials that can be used for plasnma-exposed surfaces

mingpalapeuniefendesiabletelernts inBythamehctibre chou er, aidetsomades

130A include polycrystalline silicon, Y203, SiC
smdsitBiNduringaabnfl flocdseing, eXaaP) Minirh R4 fhrticles 2RISR MR Bials

t he shower head el ectrode assenbly 100A is | arge enough

inclfi@hg oM RERESH IFatkALISM B LR T REE Ry pgl%g-e?&sed purfaces of the inner

sem conduct or substrates having a dianmeter o

For ubstrates, .t inner electrode 120A is at
cleqifite 190 I8 8RRt AekBous o oEPIATg SHlsphLaton SIC, SsNs
el ectrode assenbly 100A can be sized to process other '
and AN Sy eamplesi zes. " [0045] The backing plate 140A is
preferably nade of a material that is chemcally
[0044npmen Bihbodimeht, preodwessrgad electrsdchsteniblp10TeE Krgdenough for
sem conduct or substrates in the plasma processing

- pro€dRginPRFge sOB&rates; Ovthids Gbmitbnictdr BstBlesIMPRR 8 idfheter of 300
closely matching that of the electrode naterial,

a ' i cal rpally co ctive.,
R R R
backi n | ate 140A include, hut are not limted to,
H°"§?"§b ﬁﬁ\({qgf%wgrréagl equHHE“h Eﬁ%’?'{‘w YO0Agandrersized 4@, progpisether substrate
~materials. [0046] The backing plate 140A is preferably
Sizéatt ached to the thermal control plate 102A with
sui tabl e mechani cal fasteners, which can be threaded

[0045]| tThe bsddn@vmate AR0A Bréfedebly @l of @XaREHR thdd @ dhem{camy
shown) can be inserted in holes in the thermal contro

| Fonﬂiaﬂbl@ withgfo g ias%é: L RWG6 ﬂrEée@siﬁ Jeﬁﬁ%(auf?c%g %Uat{égéf'é glAtthQ ;%Isasma

backi ng plate 140A. The thermal contro

e of..a i ned nmetalli terial, such
proB B A TSR o iR e e do R b peine
“tenperature controlled plate 104A is preferably made _
elecirods materialAngror isgedrically ardiharmally comdusiive Prafeared muterials that
outer el ectrode 130A can be. nechanically attached to
cantblqels@htcpkhaig the haakingyplate 140A include, but are not limited to, graphite, SiC,

aluminum (Al), or other suitable materials.

[0046] The backing plate 140A is preferably attached to the thermal control plate 102A
with suitable mechanical f.asteners, which can be threaded bolts, screws, or the like. For
example, bolts (not shown) can be inserted in holes in the the;'mal control piate 102A and
screwed into threaded openings in the backing plate 140A. The thermal control plate 102A
is preferably made of a machined metallic material, such as aluminum, an aluminum alloy or
the like. The upper temperature controlled plate 104A is preferably made of aluminum or.

an aluminum alloy.
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cam | ock mechani sm as descri bed in commonl y-assi gned
W2009/ 114175 (published on Septenber 17, 2009) and
U.S. Published Application 2010/ 0003824, the
di scl osures of which are hereby incorporated by
reference. Wth reference to Fig. 2A, a
[00AY), ethe @utRs eischAde 130Asan béme&ha@@mﬂawd ¢aithe becking plate by a
i ncludes portions of the outer electrode 130A and the
carp ek meghanjrimagsalederbad inltvenroanty-assignet WOz 1@ 175 (published on
qui ckly, cleanly, and accurately attaching the outer

Se;ﬂbrﬂﬁérrleﬁ)db$% bs. ﬂ%ﬁslﬁ@%‘ﬁbp&tlgr 95?0/66&%211 r{h@dl\éa{)]éu%syof which

seni conduct or fabrication-rel ated

oA G B P L e e T

into a socket 213. The stu may be surrounded by a
of m XEMBBFY Ry @f‘é@k‘uéasaoor%qmwf t*fecﬁut%\woée 13@MAant f@s@ackmg
steel Belleville washers. The stud 205 and di sc '
platgsh40Ag The eanklopk & capaple dfemickly, geardys afid sccoratey hieadhirgahe outer
fastened into the socket 213 through the use of

electtdtesliznaso tite baekihaplatald0A asi eatRtpof sERfcon8lidieh f%@n"caaeﬁlrelated
the disc spring stack 215 are arranged into the socket

too?slﬁncﬁlégthetd?é’sﬁ'naaet!:t{ {]HaH%Qr sh%Wﬁqm: ofplateral movement is

possi bl e betmeen the outer el ectiode 130A and the
10088 iR er b ATt suld (Rghbf B G ARURE 1 SBRiERALs. The st

electrode 130A and the backing plate 140A, thus
ma%HE B THPIEB B eiserrring stask? b suchfariesamele; tainlgsssteatBellpville

sone novement to account for differences in thernal
waghepa T otudi266 wee dist sreingtstaok PES ihay thad tietpress4it ofehaiwise
on the limted | ateral novenent feature are di scussed

fastefedME@thedBtidt b13 MRO@BN.thé RQRARadhésivas §pﬁﬁbﬁdnﬁaﬁﬁﬁgﬁér§ryhe

enbodi nent , the socket 213 is fabricated from

SR B I A L SR e

nmech icabvcharacterlstl s such as good strength and
a3 1AL GYRTANE s Pogible Bepieen dheipiue! < grtrasizdPBhand the backing

stability, radiation resistance, and chem ca

plapeskd04t hintiinaihg ameunt efdeteray mengetetiowy/for iadight fittteeween the
such as polyam de-im de, acetals, and ultra-hi gh Page

out@r efettenriel I30A ard Wbaﬁhhgﬁ[&fé}d%ﬁﬁthﬁﬁéﬁuhﬁé BodBYiehdl cBRact, while

suitable. Hi gh tenperature-specific
still providing some movement to account for differences in thermal expansion between the
two parts. Additional details on the limited lateral movement feature are discussed in more
detail, below.
[0049] In a specific exemplary embodiment, the socket 213 is fabricated from high
strength Torlon®. Alternatively, the socket 213 may be fabricated from other materials
possessing certain mechanical characteristics such as good strength and impact resistance,

creep resistance, dimensional stability, radiation resistance, and chemical resistance may be

readily employed. Various materials such as polyamide-imide, acetals, and ultra-high
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pl astics and other related materials are not required

for formng the socket 213 as 230 Cis a typica

maxi mum t enper at ure encountered i n applications such

as etch chanbers. Generally, a typical operating

enperature is closer to 130 C. [0050] O her portions

mO‘%w'atr MeiebhrelyethKlens wateoal may all besultablea HightatpeROdma-specific

optionally surrounded at each end by a pair of cam
plast¢saint! otkearelags n2@&ialsTdre noarmy sinadf for Prkgane seoren 218Rabto °cis

bearing assenbly is nmounted into a backing plate bore

a typidat M amih Bshdr LR ddBuntbRA fh é&%}h@ﬁﬂ% s%c‘}\% etéhQ:h pers.

typical application for an et

m.copduct or _substrate i.ght or nDre of the
Geng}%ﬁﬁ/ mwcaﬁﬁgera 'ég%eﬁlé’@éagurgr'soﬂ?lsﬁrf%@%' eri phery of the
ter electrode 130A/ backi ng pl ate 140A conbi nati on.
IOOSPbOQi']erPﬁEt'%\aﬁf W8 Spm lerkare sRRPTBeY ofmsarbehafteddRA wetionallpm

a variety of materials including Torlon(r),
surrgjgrgied|at pych eBdlby eméir of cabebhraftri{aayingsTXoD| Tind eam skt 20MArajid cam
or other materials such as fluoropolyners, acetais,

shafpbéarm@iacsblyoie buAied@so amhmfpla@fdok@fﬂwrhé/drﬁré@f‘mtoaﬁ@
pol yet her et her ket ones (PEEK) having a | ow coefficient

bacl@tflg I(E:’Eae%ttlgﬁ g%naﬂggngﬁ‘gﬁgl%t&ﬂo? aﬁ?ﬁcg dﬂh??\&en Ses ﬁ?\gﬁvgor%gé mm
. 316, ,316L, 1 | TRONI t
Semﬁﬂg}‘?‘bﬁ‘ﬁ;{eﬁ”gﬁﬁtﬁ Plght %WF&?H@ SEUROS PP eRecef ground The
corrosion resistance. [0052] Referring nowto Fig.

periphery af e sster elastrpdm B 0Avbasking plat 24 0Axanibinakiofur t her
exenplifies how the cam | ock operates by pulling the

(0051t &he edre stafolekaritgRN9inmaydleasachied Xiori & Yartey 6fftRaterials including
backi ng pl ate 140A. The stud 205/disc spring stack

TorlédAs s ceikd, @‘éﬁfﬁﬁb}te‘ﬂoh@ A%Hmo?@the'r RafeddiSuOihLr

el ectrode 130A As s own, the assenbly may be screwed,
s on.the socket 213 into a
f'“°?°?¢ PUEREG R TR, L5 AV SRSl
el evat ion and assenbly view 300 of t he stud
P°‘V26?fﬁ&%‘i"ﬁb’”ﬁﬁ(*’éﬁ'ﬁ)&\ag@a a l%wfﬁ%qrg ef &istipmandsiowalrtitiesshedding.
and socket 213 provides additional detail into an
The stuerA0F ang cn ghafl 207danyre machined foamsthioddss steel (ag., 316, 316L, 17-
specific exenplary enbodi nent, a stud/disc spring
7, NTROBINDBEY, etc.) or any other material providing good strength and corrosion
resistance.
[0052] Referring now to Fig. 2B, a cross-sectional view of the cam lock further exemplifies
how the cam lock operates by pulling the outer electrode 130A in close proximity to the
-backing plate 140A. The stud 205/disc spring stack 215/socket 213 assembly is mounted
~ into the outer electrode 130A. As shown, the assembly may be screwed, by means of
external threads on the socket 213 into a threaded hole in the outer electrode 130A.

[0053] In Fig. 3, an elevation and assembly view 300 of the stud 205 having an enlarged

head, disc spring stack 215, and socket 213 provides additional detail into an exemplary

Page 10



301 is press fit into the socket 213. The socket 213
has an external thread and a hexagonal top nenber
allowing for easy insertion into the outer el ectrode
130A (see Figs. 2A and 2B) wth light torque (e.g.,
in a speC|f|c exenpl ary enbodi nent, about 20

designeom thoramuigyk. Ima spedisicxemplryzahogjmeritea stadfditc sprid; asBymbly
be machi ned from various types of plastics. Using

301pk pestss fitsintui the Rockes213aMhé sdcketPABREASA OReMAMthAddANE afh@kagonal
a gall-free installation of the socket 213 into a

topMBdrhbet aHONIRG For@Asyt iRSerQsH iﬁfo l‘% &atdr @%@tr&&@fsof’i @QeSﬁés I08nd 2B)

stud/socket assenbly 303 illustrates an

e ortion of . the socket 213 bei
i L Rue 0 o« SBP e BmpleRieBroaest, A5c Sburdhpouncs) s
ortion of the stud 205. The difference in dianeters
'"dge‘ieaégﬁ"% e seglst pbt ey he marhipgefrerp vatiowus typesiaf plastics. Using
| ateral novenent in the assenbled cam | ock as
plagtics mirigdrds pirtivie gerdvatiat and/atlo we fos p Eaitrea sseitatiyn of3Ad sdcket 213
mai ntained in rigid contact with the socket 213 at a

inthasatipgsdcketonahe bli@r sleetksfe 1208 While the difference
in diameters allows for sone [ateral novenent. (See

[0084] C’I’he b/ soeRet)ass o }5?(13 |Ws§|13terseah%¥ fﬁéﬁafﬁ&er 1 ur%pér p%rtlon of

expl oded vi ew 400 the cams

e L R B B 0 LB e e s

401 is first inserted into the backing plate bore 211A
205 Jbe diffegence 1y diametnss petwpen thedwb paettons glidwed fos therliotited lateral
shown) at a far end of the backing plate bore 211A

moyeroaitdretherasyeerbledadanglonieat diwiisse b ab@aMTAB afuld /B APrih@lisdembly
t he backing plate bore 211A. A side-el evation view

3042 AirRbintd@ rigRreonhat Wltﬁ@r?e&oal& 23 ¥t d E‘éjs'ekﬁf'tﬁﬁ\ & the soclaet 213

possi bl e pl acenent of hex opening 4 one
the n 40
whil t&%??{ei@?ﬁ*? Sebeeaf %gﬁq%rxsg “%Xra ekeBst ](%%feaé” . 28)
erence to Fi 4A and cam | ock i
10058l SHEP Efetsos 10 Any SIoSEA He SRR ObiTEa Agft2AZA and cam
backi ng pl ate bore 211A. The keying pin 401 limts

shaftgrearings?P atsp indidatesfa keliog omm08 hifid erRDAFAhe narh kieafbzo7kinagng
pl ate bore 211A by interfacing with a slot at the

thelkeyihg pinofo1tisfesdiaseeted It thelbie ki g Plasd dre ZZ@RﬁegﬁM fB r ﬁbalr of
be Page 11 turned in one direction though use
smAlEatARAYI AN AGRAWn f R FEXHIRF Ehe 1RKAL Blate bore 211A provide proper
alignment of the cam shaft 207A into the backing plate bore 211A. A side-elevation view
420A of the cam shaft 207A clearly indicates a possible placement of a hex opening 403A on
one end of the cam shaft 207A and the keying pin 401 on the opposite end.
[0056] For example, with continued reference to Figs. 4A and 2B, the cam lock is
assembled by inserting the cam shaft 207A into the backing plate bore 211A. The keying pin

401 limits rotational travel of the cam shaft 207A in the backing plate bore 211A by

interfacing with a slot at the bottom of the bore 211A. The cam shaft 207A may first be
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cl ockwise, to allow entry of the stud 205 into the cam
shaft 207A, and then turned clockwise to fully engage
and | ock the stud 205. The clanp force required to
hol d the outer electrode 130A to the backing plate
140A is supplied by conpressing the disc spring stack
turretidn bes/dinettion breiugh Lseef the hekodeaingl@D3A, Tbee@ipls bafnter-
- 207A has an internal eccentric cutout which engages

clodkivie a0 lafio@@d ) enthetud 118 isth lt'ﬁ*e &R shaS207RCarfl hién ﬁpﬁéﬂ%}ckwise _

stack 215 conpresses the clanp force 1S transmtt
N e di
to ey R SR 29SS g el F guar dectrose
e 140A. [0057] In an exenplary
130%?38& acgﬁé Pgﬁ J‘S‘I’Prlqﬁgrw@ igoRy @ﬁ?ﬂré‘ﬁﬁ‘ﬁttl‘%é'a? SPAigE stzdngzlérb@vond

attached to the camshaft 207A and inserted into the
thets frer stagk wishte The ram shaft’07AMes emmterhalfdcc@®idcuitaut which engages
rotated counterclockwise to its full rotationa

theenlavgel hedthof e utlidWEk 8 thaske XPring stick A16icBmpasses) the AR force
lightly torqued into the outer el ectrode 130A The

is traRAsitted f%hﬁnaﬁ/i&qal%gﬁn%ssm {H'é‘%{lkc gllnﬁge%cefkdzlﬂ{zl?ne s|38<et 213 and

verti cal y ext endi ng throug ow t

0 ng,.backi.n bore 211A. The
thr(h%[" tl%e@# %lgd? gh ?%heﬁ’ghﬂngﬂgﬁ%ﬁs%it he backi ng pl ate
EﬁOA and th can1shaft 207A is rotated cl ockw se
[003 4 i'n 2 pYanes artVH‘éOQ@é?;f ORgfaHPh opeigsamshaft baerings 28%are attached
slot at the bottom of the bore 211A or an audible
to the tark shaft Hydvamd (nkieste d s e thei ackiag plate bdve RO, theldaa shaft 207A is
exenpl ary node of operation may be reversed to

rotale® BBUABErcibBiGviSdoats fel RRATIRERrab30 Ahk rsﬁﬂi/sckt@@c a@é@%l%iﬁ (Fig. 3)
plate 140A. [0058] Wth reference to Fig. 4B,

s U R ﬁdﬁmfﬁ9ﬁ°9§; Efafé‘*filf%.bﬁéf“éﬁ &%‘?fY %ﬁ%ﬁ%ﬁ}?
: A 205 '
s ipiadhe Yy seEneing taRadgIcls b amsbnerERDTal rdendied backing

radii RL and R2 are chosen such that the head of the
platethgre 28\ (Fhr oyter kleckodn H108 ithdld Rgatnst tud baskide sletel 1404 and the
above to indicate when the stud 205 is fully secured.
canPetgét 20ZA[s008ARd EbgeviseihtiGeitie thedel/miglpth @bcHel éhel dMARF the slot at
el ectrode 120A. The inner el ectrode 120A is
the BoRbAIARhY bre RLBA 8- & alitddIcIRY fs' l‘FeXr(:((ldﬁél?ssé@ﬁ\rbet’Iaq SR, The

inmpurities) lowresistivity (O

exemplary mode of operation may be reversed to dismount the outer electrode 130A from
the backing plate 140A.

{0058] With referen;e to Fig. 4B, a sectional view A-A of the side-elevation view 420A of
the cam shaft 207A of Fig. 4A indicates a cutter path edge 440A by which the head of the
stud 205 is fuily securéd. In a specific exemplary embodiment, the two radii R1 and R2 are
chosen such that the head of the stud 205 makes the audible clicking noise described above

to indicate when the stud 205 is fully secured.

Page 12



ohmcm single crystal silicon. [0060] Fig. 5Ais a
bottom vi ew of the inner electrode 120A, show ng the
pl asma exposed surface 120aa. Gas injection holes
106A of suitable dianeter and/or configuration extend
m the mounting surface 120ab to the plasma exposed
[005§hr Flafe SADHww dataily of ¥m)innas@lestindeB20AaThaingedeleeiradeyl20A is
suitable pattern. Preferably, the dianeter of the gas
prefemplatplan ohoikle surtf) Glassitban 1Emsn trhputities) |6 vedistivity ©.d0% to 0.02
inch; nore preferably, the dianmeter of the gas
ohm-d¢hh )Bfdgldtydtigllshgon. L06A i s between 0.01 and. 0.03 inch;
further preferably, t he dlaneter of the gas |nject|on

[Ooégagl B, 51;9@ bo&o% er%N bfncﬁ lnne elga 'E%gg ge\mné E%wq %rﬁ%exposed

nj ection oIe I's Toca
[ eIectrode r gas injection holes

in
suragtd 3053 ATAHeR 1o B0 GRAOPA SR PAMEIAIGG/or Roegirsion extend
injection holes in the first row | ocated about 0.6-0.7
frong thegnountiggyurfaca d A0Fbrtothe plesrceenpesedofurfiabel 20ke (fig. 58Eandldn be
gas injection holes in the second row | ocated about
arraged-in ady {uetaple phttdrh). Prefefablyl iddideetBIe6TitRE gasd§e@RH holes 106A is
injection holes in-the third row | ocated about

less fhah of equdl o 904 %cﬂx%on‘e&ﬁ@@ﬁabw tHe Jn:ﬂﬁft%?@iitﬁé gaﬁﬁjegt?c?h holes

injection holes in the four% rom% ocat ed
t —
oof 5T ol Pk A B P gy

q&% %] 3.67) inches fromthe center, 58 gas

hO'%S ﬁP%ts RS Bsthp ﬁnlbﬁé'meer SRy BOF BSEHER@NASIRUs located at the
4.4-4.5 (e.g. 4.45) inches fromthe center, 66 gas

centienpitbeiirmer hlettesde 120At the otteer gat injectiom halessdre drradpedtin eight
5.0-5.1 (e.g. 5.09) inches fromthe center, and 74 gas

con¢e|ﬁltrﬁc|bl/\@ ithQd @S irjéttioh BoRE BthB fiFs@ Yo, %@ﬁ%@gb&h@@o 7 (e.g. 0.68)
5.7-5.8 (e.g. 5.73) inches fromthe center. he gas

inch fFBrﬁ?r’ié Qi ek B %&é@?e EBga @ge%ﬁsn ﬁa\@é.n%eese%éamw Ld¥q

evenly spaced Cr 0ss- sectlo a :
Vi e r. el ectrode i ;
abolf £33t rhabJOTUroT: i SRieE, 21 uiedar hales i he Hitsow located
two steps. Fig. 5Cis an enlarged view of the area A
abopi2.F2g2 (EBBZ 1Mn¢h¢ﬁérpnstheperss'2a8 gardnigetiontales isthefoBiad sow
extend conpletely around Page 13 the inner el ectrode
locatétlehout 2.828.(ofeas. 2190Eidclexihadi thertntet, 48 gss ihjectioh dled e thafth
a thickness of about 0.40 inch and an outer dianeter
rowQcafdidboud 263.7 RENES7) ihéies kdRFthe S4REr, 3825 inj%&immes in the
sixth row located about 4.4-4.5 (e.g. 4.45) inches from the center, 66 gas injection holes in
the seventh row located about 5.0-5.1 (e.g. 5.09) inches from the center, and 74 gas
injection holes in the eighth row located about 5.7-5.8 (e.g. 5.73) inches ffom the center.
The gas injection holes in each of these rows are azimuthally evenly spaced.
[0061] Fig. 5B is a cross-sectional view of the inner electrode 120A along a diameter

thereof. The outer circumferential surface includes two steps. Fig. 5C is an enlarged view of

the area Ain Fig. 5B. Aninner step 532a and an outer step 534a extend completely around
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i nner di aneter of about 12.0 inches and an outer

di aneter of about 12.1 inches and; the outer step

534a has an inner dianeter of about 12.1 inches and an

outer di aneter of about 12.5 inches. The inner step

32a has a vertical surface 532aa about 0.13 inch I ong

thedﬁmer&'ecrfeﬂﬁf Mt an a pafersedeemizadimenththetsilioompiatetil altbinkness of

and the outer step 534a has a vertical surface 534aa
ab@lt@UO ifchlahdian ooter diagnederchf abbur i2E00ERS; the ifna€ &ep 83Adhas an

about 0.21 inch long. [0062] Fig. 5D is a top view of
mn%h&‘lal‘n@f@ lof SISRE 15,0 6Hn 2 anUPN i diBE ﬂ\gUU{ if‘.gmﬁws aﬂﬁethe

Oab. The nounting surface 120ab |nc es an annul

r 0QV PRA L det concen
ooff ?‘%P?ﬁ’?a e sl liohe 3 ok 2 pacnsiitd °l&F5%ef@e*§seanb°ut
haV|ng an inner dianeter of about 0.24 inch, an outer
12.giinghet ethedines pisn £32p et 3 vertiral wrigepIaapbeyt 0. Liineh lgngand a
inch, a 45 chanfer of about 0.02 inch w de on the
horézwtaéwéaceégéa,b andt 40T inkh eingehd the audénstep Hiiaweea vertitd Surface
and 0.03 inch on the bottomcorners. [0063] The

534mbbit @ 1Eith Ragadlabriahtdsirfet 588H 260t S.I0MCH long.
(unt hreaded) blind holes 540A conflgured to receive

[oodh] IRERIH is Ridbvid w8 gﬁllell (§_~$E@};\goa@1 Ags J[ %u%g{\ggur%ce

r adi us betmeen I nc cen

o A A BB e

di ameter of about 0.11 inch, a depth of at least 0.2
SEJj Genpentric With Hiedntes elestrodeBfA, thepmnilse rogre S¥PAdIVing@o énner
edge, and a fillet wth a radius of at nobst 0.02 inch
diaoreter diebow® 2dnahean ofit@dBidineldref nibanDidagnah s Hasd of 20akst 0.1
al so includes threaded blind holes arranged in an

incA/WAH°@hariTey Bt 430t 0.0b thch Wide I iHRRntaNiAeSe! BSd SRR F Dehdius
surface into a central portlon and an outer portion.

beaﬂ%n%QH@%hqgﬁg%kgf%gn?Roéo ;g erably located on a

us o I'US of “the inner
ctrode 120A. In a preferred enbodi nent, a
WO?PEM“GMU@W spifpreri2eP aifR Balydeg mwh it seriad) B!'nddwles
hol es 520A, are |ocated on a radius between 2.4 Page
54QAcenfigured 6o reteive sligneneyt ping (detailsshew) infhig 5F t Iheatedatt amadius
of the inner electrode 120A and azinuthally offset by
betatreutl. Z2anbdt ABaatheefrof thacentof ofatlp aventletitddes1202@Ad offset by

Each of the holes 520A has a
about 180° from each other, the blind holes 540A having a dlameter of about 0.11 inch, a
depth of at least 0.2 inch, a 45° chamfer of about 0.02 inch on an entrance edge, and a fillet
with a radius of at most 0.02 inch on a bottom corner.
[0064] The mounting surface 120ab also includes threaded blind holes arranged in an
annular mounting hole zone which divides the mounting surface into a central portion and
an outer portion. The mounting hole zone is preferably located on é radius of 1/4 to 1/2 the

radius of the inner electrode 120A. In a preferred embodiment, a row of eight 1/4-32

(Unified Thread Standard) threaded blind holes 520A, are located on a radius between 2.4
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total depth of about 0.3 inch, a threaded depth of at
| east 0.25 inch fromthe entrance edge, and a 45
chanfer of about 0.05 inch wide on the entrance edge.
One of the holes 520A is azinuthally aligned with
: anot her one of the holes 540A. As used herein, two
andbf ehes (pei, A inthes) fnart bizd deytealof thiedulier rRarsda1ZA AdGRuthally
l'ine connecting these two objects passes through the

offset BY eoud 5 Bhetiveed €achlpalr bNgtjadeht I‘id’lésssz%ﬂb‘ﬁgém%e hd18E520A has a
center of the inner electrode 120A [0065 The

b
0 530 530
o BT S FBAf EFR it e Bre Lhar on

Fig. 563 radially aligned at a radius between 6.0 and
aziguthalipaligned wish pnetbenensrpfehoimlentd0s, 63 usaudteesin ftwombients being
center of the inner electrode 120A. "Radially
"azahutgalydligmelé neahbie staighitaine eﬁrteﬁtlrtghﬁeé‘eamoﬁfbjé&sepagﬁ'é ﬁllrough the
The hol es 530a have a di‘aneter between 0.11 and O.

cenitédt a citcld 8PfiRg, ff thidt erhtifRFherl?; the k&R By ot é%nepagm&f]‘é 1]9{3

about 0.02 inch wide on an entrance e

[00%45# hTh‘% rF@ﬁth? sn?rff ce 12{]% fé&fagr lnﬁ:%gd Jltr%gspacm)}) %{B%tgtrd zj_r@ooth

C a aII fromone of the unthreaded
(u"mrﬁﬁtge%'vw%m igured togeenter alianaeniingn5paaaghI0sbend b3oac,
about 92.5 countercl ockwi se azinmuthally fromthe first.
respesitivelg302302 edilectivieiv) (Hehmks ehddBOiacig. 5G) ratifaiehlighyd atxomatius
190 countercl ockwi se azinmuthally fromthe first hole

betn@@a8.0 dnd GBI breRetably bletvieeh ®.02 did 6108, indHRE flofE center of the inner
el ectrode 120A is clanped to the backing plate 140A

eleg’d/mﬁ BoAMRAkANY a ﬂ]‘%@g i ur 2 les{alﬂ esQH b4 ce%&%%'&gg(ﬁuagol:?\ﬁémles

| ower face a |ty o bol't's

53%9%5%9%*%%%?‘1 SN ¢ RLTREER et oteE® o s B irgees

whi ch receive fasteners such as bolts (screws)
chanieeefddgut §.07 ch wideaaneah epprancarsigei andanfillgichéthsd rddiupbf at most

t he backing plate 140A. To avoid contact of the clanp
0.02 inth ohZ(hatiaint torbdre The &t bAd 530 it dféset byngoue hetddcRiBe

120A, a conpression ring 170A of Page 15 a stiff

aziffBEhRNY BbmDe bf B WhthRAGLdMPhY holkedEadrBt |
ZICI RLE»;((rr)n I's conpressed between oppo@‘{:g sur#@%‘%@ﬁbf”’ﬁset

by %_ lg%t bﬂgecfouﬂlceqa&l&qge a]z%qpt‘hg\[\]l‘}{rotr#ﬁne%r%rﬁ%leré%%a;]ﬂ?g fbﬁir% hope' 530ac

is offset by about 190° counterclockwise azimuthally from the first hole 530aa.

[0066] Referring to Fig. 1A, the inner electrode 120A is clamped to the backing plate 140A
by a clamp ring 150A engaging the outer step 534a on the lower face and a plurality of bolts
160A engaging the threaded bliﬁd holes 520A in the mounting surface 120ab. The clamp
ring 150A includes a series of holes which receive fasteners such as bolts (screws) threaded
into threaded openings in an underside of the backing plate 140A. To avoid contact of the

clamp ring 150A with the step 534a on the inner electrode 120A, a compression ring 170A of
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[0067] Fig. 6 shows an enlarged portion in Fig. 1A
near one of the bolts 160A. The bolts 160A are of
8-32 size. During installation of the inner electrode
120A, a plastic insert 610A preferably nade of
TORLON(r) 5030 is threaded into each threaded blind
a stifb metesi2DAICh Fhe handipalyimide imatetal sueh QACIRREXEB coripREsed between
thread of 8-32 and an outer thread of 1/4-32. An 8-3
opfigkd surfle@dofithe InAkcaE@Ebde 1D 6N Memaﬂﬁ;l‘l iS'ﬁéZlEl% g
SS rrbl y

During operation of the showerhead

| [OO%QPAFIg tGrEﬂoWE Qﬁén@n{gg& h&? gﬁ rﬂf—%g%él r}seﬁ{] (Sna t (gfgt\e ﬁtafasc‘\gﬂgc gﬁ§é)olts

and/ of heatin enen

n th nner electrode 120A and adversely
16‘%%5 EFg'ék é'z?mﬁ?‘f "Biednstaliagen phibe fings RIRCERdRCI204i mplastiatinsert 610A
across the plasma chanber. The bolts 160A in
prefesably made oh TORLON ®t3980 isltenepded intp <6 Aarpadnd diad polie528A Ofhe
mechani cal support, reduce warping of the inner

plagticantertcti®A h20 4y inaaitthad 0E8-B2AHE 8n BURE BFSAEF 1 @-@Q An 8-32 bolt
non-uniformty and thermal non-uniformty. [0068]

160A g thrdficaifdach ﬁlQﬁlcVﬁs@WG@()A aDﬁthB%H;%n%@ the 5&1 Wethead

electrically cond uctlve gasket

ri er. 1 r lurality
Elegt? coaﬁgzﬁtf ?:ﬂ%d 1 hgs erce eﬁhg‘gﬁ ggo ngat ﬂiY %PEaf'sa gfd/or héating
S annul ar m ddl e gasket 7200 with a plurality
a"ﬂ%e@ﬁf‘%iﬁ‘& hisfygating ‘éﬂtcé‘l’seé(‘ﬁép'%ml the éwnepelpttradedi20A andladuersely
annul ar outer gasket 7300 with a plurality of cutouts
affeph therunifotreity pfahe plesea paneksing @ate utist therpidal ciB®ber. The bolts
perimeter. The gaskets are preferably electrically

16000A comBinaBon Witk ediisrhp Mez 2908 PYedge PdinB JfReBRhdrital supBort reduce

conmpatible for sem conductor processing in a vacu

waﬁﬂ'}é' Jf?ﬁ@ﬂﬂ@r el€ctbde 1390%hd o b Ped! gﬁ%@%&é%@%ﬁﬁngﬁ? Qrmlty and

par I cl e generation, Being conp
contact points, and free of netallic

r
”meBﬁﬁﬁﬂéHWE"P‘%t are lifetine killers in seniconductor
substrates such as Ag, Ni, Cu and the like. The

[00g8)s kg T Ashawha tap iew phaerradlymnd electrisally waduitive Basket set. This
gasket structure or an el astoner-stainless steel

gasketrsdtarhprisas dreinnsit gasicdt G160 corfRispia skohirslitg dncdiRemfc rings
al um num sheet Page 16 coated on upper -and | ower sides

corifeétld By & @Mrﬂﬁ{/ b¥spRéL, & Sfrlulak ?rﬁéi&léf W’é‘ﬁb'v&fﬁl d &imﬁ{y of cutouts

conpat | ble in a vacuum envi ronmsn

"~ on §r‘?5‘ﬁt‘epm |Rﬁerr[)%piH1 ?e(ft rdI aﬂ%n‘A’DEF c?uter gasF&%wO with a plurality of

cutouts on an outer perimeter and one cutout on an inner perimeter. The gaskets are
preferably electrically and thermally conductive and made of a material compatible for
semiconductor processing in a vacuum environment, e.g., about 10 to 200 mTorr, having
low particle generation, being compliant to accommodate shear at contact points, and free
of metallic components that are lifetime killers in semiconductor substrates such as Ag, Ni,
Cu and the like. The gaskets can be a silicone-aiuminum foil sandwich gasket structure or an

elastomer-stainless steel sandwich gasket structure. The gaskets can be an aluminum sheet
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such as plasma etching are carried out. The gaskets
are preferably conpliant such that it can be
conpressed when the el ectrode and backing plate are
mechani cal |y cl anped together but prevent opposed
surfaces of the el ectrode and backing plate from

coatertbtn mgper agadionst sidaohitioh hférrmg%édagelécﬁlmﬁyy @&nldﬁag/g¥8ﬂ>ge|?g

of the showerhead el ectrode. e gaskets can
wiamt i | e rial .such "Q-PAD || "
o e oF o b e il B 3 ascpzrei sems
f askets is preferabl bout 0.006 inch. The
SUC\B&F F%S’é‘g gcgi"&raé%‘?a”g‘f ?LﬁeT@%\éﬁég?té ageffetseablgomplianitsuch that it

t anped, punched, or preferably laser-cut froma
ca MRiBiTed wherthe efeqtrodeaandbackion plase aneumchshitedly wagmed
t he backing plate 140A and the inner electrode 120A

togatier butt revesk eppased surl364oftthe Brebtrbdtoar backing Higle fﬁﬂﬁlrubbing
thermal contact therebetween. [0069] Fig. 7B shows
gléaes‘i(ets

agairsestticthdratubihg i er RORY cyBIRE R theshBRern 88 ele RS ..

7100 preferably conprises seven concentric rings

iyt Lal .spokes., A first ring. 701 has
R REARBRGS S8y b BRUES bA5Som et
c 0.62 qu Q.65 inch) and an outer dianmeter of at nost
onPaiy. i'hg HB%"E%.OSFMC@FW@%% Peeferablyaoyut QRS inghh)The Vargous features

first ring 701 is connected to a second ring 702 by

of the ganketszan be kyifecout cstatdpryl, punthad,iamptdferdably lsweltyrospaced
spokes 712. Each spoke 712 has a wdth of about 0.125

contingdus she&7 Ohe giRetsetRMbuntdtlbetWeerd bakkihd WIS 19 .
of at least 1.35 inches (e.g. between 1.574 angbﬁgﬁ%ﬁe"mer

eledtffeBa3bA i fat t 68 inches
(e.g. )t))et% @ggﬁﬁrzgg%t?%’ﬁ 313951.?(%8@%8 heiesﬁr@%‘g%g%rg@ﬁ&o“rt?cﬁg
thek%e&&%ﬂ@Cted toathird ring 703 by four radially
extending and azinuthally evenly spaced spokes. Two
f these four spokes 723a and 723b oppose each ot her
[0069] fite.  Rsheusnthe detsfls plitbe inngegasiieisiiep. Tepnermpdskeattnohas
a wdth of about 0.5 inch and a rounded rectangul ar
prefepadity eqmigrse3sdven cortasiinyingd inedvearinebie@ by k4t siike @ DOt ring
0.46 inch. The Page 17 other two of these four spokes -

701%23an aidr JR3t0RPESLasE 82N 1thhEE. KRAbEn 6. f
the inner gasket 71%0 ané egcg has é1mﬁggﬁﬁ§§§@6®jpdan

outbh danb{df B at Pt $B8KENLLRG. bitw2eh B8Y and 1.00 inch). The first ring 701 is
connected to a second ring 702 by eight radially extending and azimuthally evenly spaced
spokes 712. Each spoke 712 has a width of about 0.125 inch.

[0070] The second ring 702 has an inner diameter of at least 1.35 inches (e.g. between
1.74 and 1.76 inches) and an outer diameter of at most 2.68 inches (e.g. between 2.26 and
2.29 inches). The second ring is connected to a third ring 703 by four.radially extending and
azimuthally evenly spaced spokes. Two of these four spokes 723a and 723b oppose each |
other about the center of the inner gasket 7100 and each has a width of about 0.5 inch and

a rounded rectangular opening (723ah or 723bh) of about 0.25 inch by about 0.46 inch. The
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azimuthally fromone of the spokes 712 by about 22.5.

[0071] The third ring 703 has an inner dianeter of at

| east 2.68 inches (e.g. between 3.17 and 3. 20 inches)

and an outer dianeter of at nost 4.23 inches (e.qg.

between 3.71 and 3.74 inches). The third ring is
othgoivrpeafttbesetfeuranshes 723c andiig3d Odpdsy ebdustheraabioat thy center of the

extending and azinuthally evenly spaced spokes 734.

inn&agabkes pat®arttasciahad Dfatiodf BBOLE.2Dind® ORCHokOB W ofrkhe
spokes 734 is offset azimuthally by about 45 fromthe

azirﬁmlé@yf?grﬁ%neEmetsaél{jzg;%%gygabzﬁﬁZ%. {50 includes two

round hol es 703x an azi nut'hal |y of fset by about

0 frqm eac t her ,and,k | ocate t a_radial distance
roog 8 e e A5 shan S R R PatTeark 2 ER chis B behween 3.17
I nner gasket 7100. The round hol es 703x and 703y have
and;3.40 inRRRsEANGLAN Qubesidiametepef at mast 4.28inehesdasdbdtoken 7.0Band 3.74
is offset azinmuthally by about 90 fromthe spoke 723c.
inchigsp The thnd! rirgod @mn@@8d tanfbuB3Wg 20 b fonf @@ extbAding and
recei ve alignnent pins. [0072] The fourth ring 704 has

azirﬁﬂthial’lm@\fenﬁ}isgméﬂ epokat 784, HRRSIokd hdSa WiHEREFaoBit 818 inch. One of
bet ween 4.7 and 4.81 inches) and an outer dianeter

t 79 ] A ns5,1 nd 5,22 .

thetpoft 73R grRer bR by SBodh oy FONGRR a0 e 280 a2 e 702
ring.705 by four radially extending and azinuthally

sl pEHE Sipabuee el Sna o rriatalt oot by 3RS s e each
and 745b oppose each other about the center of the

othehanst logpied atta radiphdistancedwetwednal 7 2ang WThindiesditvouthe @efter of the

inch and a rounded rectangul ar opening (745ah or

inn@dgaoket 7000.atheuburl XBes 706k alny 7GBYdidte Hdiametdr©PaboliRO.125 inch.
other two of these four spokes 745c and 745d oppose

On@mdqbwosaeg%etﬁﬁﬁgag% ae&gfdggfr?iﬁgﬁsg;&g%ggé k@&?&nd

and each has a w bout

74 i.S set zi mut.hal | y by about. 90
hd%%ﬁ%%é?%?é%&ﬂfgaﬁﬁpgﬁﬁPﬁ%ﬁﬁﬁgﬁ%&nﬁﬁgwﬁ-The fourth ring

704 also includes eight round holes 704s, 704t, 704u,
(0073l TheFguih ring)Z04 hap@njnnendiameser of aidadst §@Pénrhes (g.8. between 4.78

receive bolts) azinuthally offset by about 45 between
ancch8hingbigsaemthen guter diameter otatineat 5179 Racjes (£&. betwadih BI19 and 5.22

di stance between 2.49 and 2.51 inches fromthe center

inciods).tThe fourtteringg@a kedonhd&ed to afMesEnd TS fHQY 188iaifQEending and
704t, 704u, 704v, 704w, 704x, 704y and 704z have a
aziﬂhm @\yenﬂlfspaced spokes. Two of these four spokes 745a and 745b oppose each
other about the center of the inner gasket 7100 and each has a width of about 0.5 inch and
a rounded rectangular opening (745ah or 745bh) of about 0.25 inch by about 0.51 inch. The
other two of these four spokes 745¢ and 745d oppose each other about the center of the
inner gasket 7100 and each has a width of about 0.25 inch. One spoke 745a is offset
azimutha_lly by about 90° counterclockwise from the spokes 723c. The fourth ring 704 also

includes eight round holes 704s, 704t, 704u, 704v, 704w, 704x, 704y and 704z (configured

to receive bolts) azimuthally offset by about 45° between each adjacent pair and located at
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about 0.18 inch. One round hole 704s is offset
azimuthally by about 90 counterclockwi se fromthe
spoke 723c. Around each of the round hol es 704s, 704u,
704w and 704y, the fourth ring 704 has a round
protrusi on on the inner periphery thereof. Around each
a ra@ﬁ' fifianceRatiweemb ALand/dat inclrgdxem thessenten of thedmner gasket 7100.
fourth ring 704 has a round protrusion on the outer
Theserdupd éoles 70ve) 2wk, 70Ea,C104p I708WUEI4R7093 208 TOMHa@é a diameter of
di aneter of about 0.36 inch. [0073] The fifth ring 705

abdﬁ@@ 18fhchNBRE rélindMBleei049% oﬁgetla?l?rﬁfthaﬁ}y%g abgﬁt%scc(uﬁté;clockwme
between 6.35 and 6. 37 inches) an outer dianmete

o ARS8 g RS S AN T

706 by four radlally extendi ng and azinuthally

fougbé'ﬁsy% B%?@e’&”%%’l@é’é‘s'?'se" thejangsmefipbery soceef. AgBindsach of the
of fset azimuthally by about 45 fromthe spoke 723c.

roupd bples heAtsiig a4y el Hifg, the fawdthiring704thasib réund protalsioaroh the
a rectangul ar openi ng 756h of about 0.25 inch by

outabgatitphBryGBere6fC [Eact POHdsioT he awi otkér didréter 86abB8E0. 8inch.
i nner dianeter of at |least 7.34 inches (e.g. between

9 | of ,a

[0073] %he?ﬁm r:z'nrgigése \S'nmqg%ergiga%v\eggrn&g& Fe%stdégé"fg\'él% (e % bei]v%ese)n.GBS
T S|xt S.Sonn a, seventh ring_707

an é“ 1 B ol A e R et A el brtupen g8 ana 6.75

aced spokes. Two of these four spokes 767a and 767b

'"C"dﬁﬁb&%f'ﬁgé’ng 705k ine9nngpigd o p psthdingt 796 byffouriredialiyrestending and
gasket 7100 and each has a width of about 0.5 inch and

azirautheliy eveglylspaced proiien g5¢. T@rveadt tior spo&@DTH6 iobifadh atihuthafpby about
inch wide. The openings 767ah and 767bh extend

45°QrirnBeGpbladizat| Fachike SRREY Bothat Bev.&ﬁ\beas&htrolmcﬂa% a
into two half circles. The other two of these four

rectzbﬂgliﬁglsogﬁﬁ\%ggelgoya% gt 6’9?&1 iﬁbg?tg%xt?}t%er about the

nner eaCh has a mndth
. ch. pok 767d | s offset azinuthall
[002{‘/1 g‘%&‘i&i"“&%’éﬁ ?‘}531?15 #h @ﬂgi@w@em at leagt & 34 dncheties] bertween 7.92
seventh ring 707 has an inner dianmeter of at |east
an%?-%@inﬁh%sh@ryig reouger dizneterof at m@n8.88ihcheg(e.8. hethves)) 8.46dnd 8.36
an outer dianmeter of at nost 10.18 inches (e.g.
incloss). e e six®. rig 7a6 ¢ coAn&ied toctbesgnth Bag MOT By fORF radfally &itBhding and

between the rings and spokes in the inner gasket 7100
azihithally evenly spaced spokes. Two of these four spokes 767a and 767b oppose each
other about the center of the inner gasket 7100 and each has a width of about 0.5 inch and
a rectangular opening (767ah or 767bh) of about 0.25 inch wide. Th_e openings 767ah and
767bh extend outward radially and separate the seventh ring 707 into two half circles. The
other two of .t.hese four spokes 767c and 767d oppose each other about the center of the

inner gasket 7100 and each has a Width of about 0.25 inch. Spoke 767d is offset azimuthally

by about 180° from the spoke 723c.
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rounded to a radius of about 0.06 inch. [0076] The
m ddl e gasket 7200 (see Fig. 7A) has an inner dianeter
of about 11.95 inches and an outer dianeter of about
12.47 inches. The m ddl e gasket 7200 has three small -
di aneter cutouts 708a, 708b and 708c on its inner
(00 iThe seventimiieg H7thas ok inpetiamater sO8deastiB.89 axhes.(tlgabdtyeen
of fset fromthe cutout 708a by about 92.5 cl ockw se
9.3amtt BBDchdsPond al eakwvdisaeter ob@andst Y@Ly incllége gettitResn 966 and
the cutouts 708a, 708b and 708c are |l ocated at a

9.69 ﬁ\gh%e %cﬁ%ﬁ@%@g@@g?%% et tfilﬁ nh%sﬁa{h?ﬁp&(eg%@lﬁn rf;ggé)s%t 7100 is

8 ac rd .ipnclude a sem -circul ar outer
'Dung?f gms gtggggﬁgter of about 0.125 inch and

clude an |nner opening with straight radial edges.
IDO?ﬂe Theirgigdle egskek BA00%see(iga 7 Abhasas inner diameter g aktiui AdOB inches
round and outwardly facing cutouts 708x, 708y and
and7@y8uiterdiarbsteoof aboupkr. 4 hiathers. TG eiduld gagkes 7208Mas tRR8¥mall-
and 708z are azinuthally equally spaced and have a

diafefielteuts708a et afd 768cioR Gl innkh gér" imERAL AeSuifuts ')(58%%5@@08(:
at a radi al dlstance of about 48 i nches fron1t e

f 7
ore R A B F*S‘?f? ebvc%bi%ﬁfu I il s
| ockwi shomerhead electrode
C'°§@Vés§nﬁsge°('g§'%§@§e?ws@&f Fie o 705 QoA 00 0Begre s
cutout 708a is azimuthally aligned with the hol e 703x
radiphdistaace ofjabgut §.9yinelss from theecenten of thg aitdle ga5ke0720p0TR Kutouts
The outer gasket 7300 has an inner dianmeter of about
708637 8D dndF08sfaan thwarnd and iacludela samitcreulad olBIQkipAd&ry Hith a
i nches. The outer gasket 7300 has eight sem circul ar

diafdterar Shott 0f126 iMtd aR MRS af AiRr gﬁ’éWéT\Méﬁ-‘R?aq Qradlalfed?ﬁ. The

azinmuthally on its outer perlneter cen ers o

PRI b o BreBindr Bl aledhe 2384 oo

he cutouts 709a have a dlaneter of about 62 i nch.
70&W?é‘ﬁl 7PR%Pmty e perimgier Jbe Fh’@%sr?&&)ér7ﬁ§hwde10§éarre@d@nutha"v

assenbly (as described in details hereinbel ow), one of
equatie spased and kave@Jhametencf aboth@iV2 inclal Thpirentars dre tdeatedak e radial

703x on the third ring 703 in the inner gasket 7100.
distBhee 6abolt @38 kithes B6/ thé saht&rast tiWiddRURGkd: MY6Y. §he cutout 708x is

facing cutout 709b on the
azimuthally offset from the cutout 708a by about 37.5° clockwise. When installed in the
showerhead electrode assembly (as described in details hereinbelow), the cutout 708a is
azimuthally aligned with the hole 703x on the third ring 703 in the inner gasket 7100.
[0077] The outer gasket 7300 has an inner diameter of about 13.90 inches and an outer
diameter of about 15.31 inches. The outer gasket 7300 has eight semicircular outwardly
facing cutouts 709a equally spaced azimuthally on its outer perimeter. The centers of the

cutouts 709a are located at a radial distance of about 7.61 inches from the center of the

outer gasket 7300. The cutouts 709a have a diameter of about 0.62 inch. When installed in
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i nner perinmeter thereof. The center of this cutout
709b is located at a distance of about 6.98 inches
fromthe center of the outer gasket 7300. The cutout
709b has a dianeter of about 0.92 inch, Wen
installed in the showerhead el ectrode assenbly (as

thedswerhbedlelestroddasain iy e t6icNB& iR \Wkiaill REreMYBER '
azi nut hal l'y offset fr%n1thg holg 76%x b; aboﬂ?'g%%&ghé

cut6QYIbS & LAmHafFaligh @8 (& t&({ﬁae 95#?( drtRE ik r%%g,'qgﬁrsthle%rc\)réer

is installed in the showerhead el ectrode as

0 an_ al i.gnmen I 108A (Fig.,.1A), two inner
ek AR DA ob A e Mo At sl Fenasutout 7096 on the
. alignnment pins &not shown in Fig. 1A) are first
innerResineser tharest. The camtienpithisgriroy 09950 lacateth ot @distaateofabdut
hol es 530a (Fig. 5D), respectively. The inner gasket
6.98 ir@Bes fsorh hiencentrunf He duter gabl@t 73002 Thed @6itI7098 hdLDdameht? of
hol es 703x and 703y (Fig. 7B) correspond to the inner

abah ORI WHRSnstAIRAIn B12GhbRErHe S I8¢ rdURla8seRbly (g%?g%%ﬂﬁéd in

gasket 7100 corresponds to the alignnent rin

oo DA e S DA, S 3B gy o s

penin et ween the seven rings and in the spokes in
ZZ?H?“"Fﬁaggwﬁﬁsket 7100 correspond to the first row

throu%h the sixth row of gas injection holes in the
[0078h eWhen therinnrd eletizode 1204ds instatiédin e ihetverRBA elestrode assembly

nmounted onto the inner electrode 120A. The cutouts

10020 8aalighiint ANgl1OBAREIgCIN)| WENANE alighnidh phel85a fFRDAR) and three
530ab and 530aa, respectively. The seventh and el ghth

outgpﬁ\l’?gnﬂfengﬁﬁs InBt §WraR F@oiﬁ%i% ng{aiHé ﬁt‘?gﬁtr%qg% Fﬁemugaar BoqVe 5504,

etween the inner gasket

A T Sp——

blind holes 520A to fasten the inner el ectrode 120A
thejgner glecadk 4y ghabeles 208 andi703y Fige78) speesngad ketheln g
and m ddl e gasket 7200 sandw ched therebetween. The

alignirenppiné HEPAL BOthegehirs helnefithenbrer ghdebznkicogrefpagts Blthe
plate 140A by a plurality of bolts threaded into

alighhieR e elRgL OB RIS cdnter S inkR 6 RbIE T BE ifiafelcPRSH
pl ate 140A. The bof}sg%6g%¥and t he clénp ?fng 15 A

S TR S O ———
inngrdé%?ketr7?[8(?§o%és¥§rl1dyt’o the first row through the sixth row of gas injection holes in
the inner electrode 120A. The middle gasket 7200 is mounted onto the inner electrdde
120A. The cutouts 708a, 708b and 708c correspond to the holes 530ac, 530ab and 530aaq,
respectively. The seventh and eighth rows of gas injection holes fall in the opening between
the inner gasl<et 7100 and the middle gésket 7200. Eight bolts 160A with their
corresponding in.serts 610A are threaded into the eight threaded blind holes 520A to fasten

the inner electrode 120A to the backing plate 140A, with the inner gasket 7100 and middle

gasket 7200 sandwiched therebetween. The clamp ring 150A is fastened onto the backing
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in order to reduce warping of the inner electrode 120A

caused by tenperature cycling during processing of

substrates. The outer gasket 7300 is placed on the

outer electrode 130A. The eight cutouts 709a

correspond to the eight cam | ock mechani snms. The outer
plate oA by delutdityof itk disteetesdntmghraaded dfuninpmakinaqnpéraide of the

140A by rotating the cam shaft 207A of each cam | ock.

backid@ pRke F40p. TABbSIEOVEDARNE HISSaRE Ahg O3t qu)bEWtﬁgmﬁ’er electrode
portion of another showerhead el ectrode assenbly 1008

L3 PapB S AR B S R .
ctr%ﬁF assenblﬁ 100B |ncI des an u@ger el ectrode
in °I?l‘%fé° refiige WARHEGTAGe Prat dectegp 128 euaet yismperions cxslisg
i ncludes a thernmal control plate 102B, and a top
durpigaireces e fisulstrages. Thriduter gasket R8s elased brethe quter Beetrode
upper el ectrode 110B preferably includes an inner
1304. dbk ettt @0870%mbr@sp@idite thedigit ichp deck k38HRanidhe THaRRker
el ectrode 1208 may be nade of a conductive high purity
ele&%o%rl.:}@h lﬁﬂﬁ&eﬂ%gﬁinwhg bSé’k}’r%tpﬁAte 1864 1 %\?gﬁatl the cam shaft 207A of
pol ycrystalline silicon, silicon car e ﬁ t e
[ e material. The inner el ectrode. 1208 s a
emﬁ%ﬁéﬂ%&ble part which nust be replaced periodically.
Am}annulaﬁ shroud 190 with a C-shaped cross section
[0028} 36 13sh e Gassetecionat vipw @éa patign of peotharsiowgrhspé electrode
1408 is nmechanically secured to the inner el ectrode
asseP B, 1008 of plasra relactiar ddmbafoBewmhidg sdreicemduatt sulis®@tes. As
wi th mechani cal fasteners described bel ow. [0080]

shobdiT ih IF. US €he $POARARSd @RStrDHOEEMBIRIOGONEIBed sh diipRPLIE&Fbde
to the inner electrode 120B through one or nDre

| 11%322&?%8 k|n Fa?@ilwefheozls%r?o%? amllﬁauc?e%r nf)rl (c)é:grﬁ)zglate

led to a e .zone ofr
oV he su at e. e 22 The |nner '

10%98%‘16 ? %a"c&’é"afﬁgw %a"mgéfqg iﬂ“ychgn'b? Feiyi The wpepelggteode 1108

The inner el ectrode 1208 can have a di aneter snaller
preferably instydas an ipnerieqtrpdg d 208, hath amowtgheleetaeds 136BbEhe inner

processed, e.g., up to 300 mm if the plate is nmade
electrods 129B enayiby staale of ialcboduttiveipic puritg nisieriall swohesk eihgletrystal

currently avail able single crystal silicon nmateri al

silideREFoI)@PYstabiHe sTibSURARbA BdrBRle oF Bhe PLAGBRShAErial. The inner electrode
120B is a consumable part which must be replaced periodically. An annular shroud 190 with
a C-shaped cross section sur_rounds the outer electrode 130B. The backing plate 1408 is
mechanically secured to the inner electrode 120B, the outer electrode 130B and the shroud
190 with mechanical fasteners described belc;w.

[0080] During use, process gas from a gas source is supplied to the inner electrode 120B
through one or more passages in the upper plate 104B which permit process gas to be

supplied to a single zone or multiple zones above the substrate.
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300 mm substrates, the outer electrode 130B is adapted
to expand the dianeter of the inner electrode 120B
fromabout 12 inches to about 17 inches. The outer
el ectrode 130B can be a continuous nenber (e.g., a
single crystal silicon, polycrystalline silicon,

[0083]| iTbeinneceletsiatie 130B istpveferablyi & plimaz diskbeplatd, TheirnbBEelectrode
formof a ring) or a segnented nenber (e.g., 2-6

1208epahales dageenimalRf ﬂ_ﬁhg@ﬂlai 10, &r Iﬁtig@ch_@lﬁsth&Wa?et ﬂo%’processed,
such as segnments of single crystal silicon,

ik 4 Lkd v Sib Ll - bi de, or . of her
o6 R WO R te Itk of Shile tRaF Gice, BnEh s it Fometer o
he substrate and the upper. el ectrode 1108, the inner
curgify AT $588 208! gy Matrafytad for SHOPEI by gaprocessing
i njection holes 106B, which are of a size and
300gn@isHPLAteSothe oyitgriciastrede b30BInpiApyedig expprddbe damgts of the
which is energized into a plasna in a reaction zone
inndreteetriote 1208 fuppebow! 1Bdihdhes abb0B17 hERB2Th bl Aectrode 1308
crystal siliconis a preferred material for plasma
can ®¥RQBRENIDUE hdafber &g [hdngld APRAI sBILEE DbRES s ARBsiRQH, LiftSn
outer electrode 130B. High-purity, 'single crystal
bl Wty . ] i.on of substrates durin
e e e e R g e s s B ey (€8, 2+
ampunt of undesirable elements into the reaction
SEpirﬁgerﬂféP‘,e“tér?H aQpedyn RENE SONTIZHERSIOR1 SYCRi Ay Jegmeptsat ingle crystal
__processing, thereby mnimzing particles. Aternative
silicatroivcaystalling siticendistiep rcaanyidson askerahatesia i ricedupply hetcessaas to
be used for plasma-exposed surfaces of the inner
the ghebétwade tHeX8strdtB andtheipped @edtrodda 188 AR AREr didterode 1208 is
annul ar shroud 190 include polycrystalline silicon,

proglang@gitﬁagluré‘?ittﬁwgas@ﬂgctﬁh INoleg ?66B?m Ia?e oi{a?rggﬁ%%lqibgg%lr&gon

odi nent , e shower head el ectrode asse
substrates, such as

Large enqugh_for rocessi.ng large |

suitgle R SERIEe? PRBR B At d e Beass e raion zone

P%%e 23 mm For 300 mm substrates, the inner el ectrode
bengaifithe yppar ejesyede BB nm i n di ameter. However, the

shower head el ectrode assenbly 100B can be sized to
[0082] 0 Sénsde wyid siliserbis bma¢ferredmatesial foOPIBha SHtpdsdtbsuidh e of the

plate 140B is preferably nade of a material that is
innérh@sttroak 0B and the outer electrode 130B. High-purity, single crystal silicon
minimizes contamination of substrates during plasma processing as it introduces only a
minimal amount of undesirable elements into the reaction chamber, and also wears
smoothly during plasma processing, thereby minimizing particles. Alternative materials
including composites of materials that can be used for plasma-exposed surfaces of the inner
electrode 120B, the outer electrode 130B and the annular shroud 190 include
polycrystalline silicon, Y,03, SiC, SisN4, and AIN, for example,

[0083] In an embodiment, the showerhead electrode assembly 100B is farge enough for

processing large substrates, such as semiconductor substrates having a diameter of 300
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conpati ble with process gases used for processing

sem conduct or substrates in the plasma processing
- chanber, has a coefficient of thernmal expansion

closely matching that of the electrode naterial,

and/or is electrically and thernmally conductive.
MmmpkQI30P M swhstrates.dhe innRaelectinsie 1868 issé tast3Ofaire it tiemeter.

backi ng plate 140B i nclude, but are not linmted to,
Hovgavap hind showSri@ad elektiodedsbanih 100B0dan®leRREd fhbrbadik Bther substrate

materials. [0085] The backing plate 140B is preferably
size@attached to the thermal control plate 102B wth

sui tabl e mechani cal fasteners, which can be threaded

[om?zﬁ| tTﬁ caneg\g'ﬁate Qé it Bbef‘?“ﬂg'ﬁm gg of exagég afWé‘?ﬁﬁf‘g'Eﬁa& ol

I ate 102B and screwed into threaded openings in the
compatiRie NgthAratess aasenised s prprepsing septsandustopsubsisateg PRhe plasma
preferably made of a machined nmetallic material, such
proegssing chemhem haaa cedflicient wiihermalexpansidnivoskly lnmtchTrligethat of the
tenperature controlled top plate 104B is preferably

electide nedfterdd], Lt fod 5 él’éctlﬂﬁlméﬂdtﬁb PRy @b ietivd, Qﬂ%}reﬁ 'n%‘ferlals that
5H 5L show details of the inner electrode 120B. The

can bd h&&d & rﬁ%rtf?? ac?(%gglaltesmd%rlﬁéh%eagh 3‘-@'“84 l%@edotot gr\a)?ta V_ SiC,

purity (less ppm I npurit oW resi
single crystal silicon. [0087]

a'"'ﬁﬁnamng?rsoggerBB‘f%J) g‘in)é' @ of the inner el ectrode 1208,

showi ng the pl asma exposed surface 120ba. Gas
[0033]; dke gew'rrsmlfés 14@r5Bpestferably ptththe ddp shesthermal neritogt plate 1028
configuration extend fromthe nounting surface 120bb
with suitahle méchsmeal Gsppnesdwbiah tacise theéddad 06itg scrbdy, orkik IkeNFor
be arranged in any suitable pattern. Preferably, the

exafbRIYBSI&Y (n6f shBWﬁ) &ﬂ%ehr‘iﬂeﬁ@& InHOIQGh 8% thOBRI kSntr Igfsa%e {16%MNng

or equal to O. i nch; nore preferably, the
sereg g G008 c"ﬁg’ PP R3E3Sp S0 58 Bl 2000
. ectio les 106B is 0.02 inch. In the
s p'@ﬁ%ﬁ@hﬁ‘%ﬁ? °§ﬁjﬂ‘\ﬂ/ﬁh %‘E@e@ﬁ@ W%ﬁ?f@étspﬁhaw'@ml@' poldméunyelioy or
the center of the inner electrode 1208; the other gas
the fikg. eidreitemperatuse centesliad reprjed 1048 mpgdrfbrabtyommerdf riutnimowsr an

wWth 8 gas injection holes in the first row | ocated
alurainonitalldy.6- 0. 7 (e.g. 0.68)

[0086] Figs. SH-SL show details of the inner electrode 120B. The ‘inner electrode 120B is
preferably a plate of high purity (less than 10 ppm impurities) low resistivity (0.005 to 0.02
ohm-cm) single crystal silicon.

[0087] Fig. 5H is a bottom view of the inner electrode 1208, showing the plasma exposed
surface 120ba. Gas injection holes 106B of suitable diameter and/or configuration extend
from the mounting surface 120bb to the plasma exposed surface 120ba (Fig. 51) and can be
arranged in any suitable pattern. Preferably, the diameter of. the gas injection holes 1068 is

less than or equal to 0.04 inch; more preferably, the diameter of the gas injéction holes
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inch fromthe center of the el ectrode, 18 gas
injection holes in the second row | ocated about
1.3-1.4 (e.g. 1.34) inch fromthe center, 28 gas
injection holes in the third rom1|ocated about

h nter, 4 as. .
we%n'%%%r%et Cpirade. i'f% eha B AR T rTn et afigg Eas niecton
2.8-3. §2: . 2.90) inches fromthe center, 48 gas
holes,} G583 wet'-elg theerphediment shownoene g9¢ ijecdon beletis located at the
3.6-3.7 (e.g. 3.67) inches fromthe center, 56 gas
cenketjod the iomerfetdcerade D20HN ehe athartdasimautibo balee areaddanged in eight
4.4-4.5 (e.g. 4.45) inches fromthe center, 64 gas

conlcEHtBIE FdVWiliP8 B ihjBctidnh ISy e flstraW |$c@€é@ta%@ut3@9-‘@)t7 (e. g 0 68)
5.0-5.1 (e.g. 5.09) inches fromthe center, and 72

.nctéﬂt}ﬁghgﬁ?{ht&"df?% %gstt Cﬁéegalg%rgg% éqlﬁté)?gat g rséago%#ﬁ%w éoa gted
abOéj\t Jl &p%&géssm[:tbg'g gthertSEg Egs léjg\é\sﬁtmat{oiqsa}% !chrtrel'!cthlt;d lr(lvx)// located

cross sectlonal view of the inner el ectrode 120B al ong
aboytt @il e 2. 12hiaghastfronThe centesr40as inigetion boles ilthe faurthaew
i ncludes two steps. Fig. 5J is an enl arged vi ew of
locdtBe absLaa.883.0 ife.£12000) nkhesorh BiNetensdredB @3 Hjedidd halks Hrhe Fifth
step 534b extend conpletely around the inner

rowelo8stbd a6kt 32087 (4.9 s Mingh&'fFsiH t@mﬂfgr,%s lrﬁ%@loﬁ 'hueg the

pl ate has a t hi ckness  of about 0 40 I nc an outer

el AR ON0A i e AR 'weﬁtﬁtfﬁw -

dlaneter of about i nches and the outer ste
thecsavaqtinEQw logated) ﬁ*étutéroatrétfés 5@99)aﬁbeﬂfrqr2 ﬂle FaREeTean

outer diameter of about 12.5 inches. The inner step
injesBobhelasinahe/eighthcaw lenatddabout3 2158 (@lgobhif730indi@s fohthe cerger.
and a horizontal surface 532bb about 0.07 inch |ong

Theagd idjeRioRUbRE insdael obihebe IAG afle ¥ANLINGH) eveHlyfsps@d, 534ba
about 0.11 inch long and a horizontal surface 534bb

[Ooﬁﬁ)jo ulilg @ %:!a p'aﬂ gcrbg]&cn%l]ﬂﬁw'g@gﬁ tl?e5 g%r Qé;cltrgﬁg 1%@%5%2% asdiameter

I nt ersection tween the surfaces

n 0.06 inc 89] Fig. . .
et Bt ot Bl iR el B 1 TS o6 polaltag view o
the nmounting surface 120bb. The nounting surface
the ppesyhy in g (5 df¥singgy StetAZkiang po Guter 580 B3¢ kiextand eoraetsty around
in Fig. b5E) concentric with the inner electrode 120B,

thetitmeer alectrbde 12Bo tva ptebérBe chawbatjmant, therséiicon plate has a thickness _of
about 0.40 inch and an outer diameter of about 12.5 inches; the inner step 532b has an
inner diameter of about 12.00 inches and an outer diameter of about 12.1 inches and; the
outer step 534b has an inner diameter of about 12.1 inches and an outer diameter of about
12.5 inches. The inner step 532b has a vertical surface 532ba about 0.13 inch long and a
horizontal surface 532bb about 0.07 inch long and the outer step 534b has a vertical surface

534ba about 0.11 inch long and a horizontal surface 534bb about 0.21 inch long. The
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di anet er of about 0.24 inch, an outer diameter of
about 0.44 inch, a depth of at least 0.1 1inch, a 450
chanfer of about 0.02 inch wide on the entrance edge,
and a fillet of a radius between 0.015 and 0.03 inch
. qn t he _bottom corner. ﬁéoogo The nDuntlng surface .
cireyl3igig of (e ssatien A e Ligeesp3pamentt BB iHrosndaddo a radius of
" holes 540Ba and 540Bb configured to receive alignnent
abopi 386 (hdet ai | s shown in Fig. 5F) located at a radius
between 1.72 and 1.73 inches fromthe center of the

[o089)nErg. B BatsAew b2 inddi@detrbad120B0LHROWAOBR McunthE Sftace
by about 175 cl ockwi se fromthe bl i nd hol e 540Ba. The

1209!) ﬂ'Qe rh&ln%%_gl_ sg’rﬂzgﬁzé‘wjg ﬁQ%banhﬁK@ lla%rgé?e'%togr(dag% own in Fig.

n
aorfcnﬁnstwm&ntﬁ%mﬁgr%:t%et%g‘ééebé;aﬁ B gasye PR b
. bottom corner. [0091] The nounting surface 120bb al so
diameter efcpbsut hdingo@nuigidianatesof3hon G4 inslyedepth of ahleast 0.1
annul ar nounting hol e zone which divides the nounting
inchs a b adhe@mifertod abow &ri2riadh ide bh dhe eraraticaadgeytaad afidsttdfaradius
The nmounting hole zone is preferably |located on a

betwaeh 016194nd10.88 jhéh onlfe Hot@ i @fhdss of the inner
el ectrode 120B. In a preferred enbodlnent ei ght

o34 5038 Al e

/ ket bl
saohf S leb Cat T (i fod B p ST AU (Betalisalows i B, Gblpcated at a

2.49 and 2.51 inches fromthe center of the inner
radigh betwegn d.72 208 1dAdnchay framtthetdnyeroff theeinnéryeletbrode 1208. The blind
bet ween each pair of adjacent threaded hol es 520B.

holdEBABLS offsehisy dHvue aTBdIdthlvies fromARe bl tbld SAoBh. URPbImdMoles
about 0.2 inch, a threaded depth of at |east Page 26

54o@a %@@540’5‘5%% QH*aH%%‘er%‘c\X/@é?ﬁﬁn%% 18Rt d%éth@%?fe?& cﬁf inch,

about 0.03 inch w de on the entrance é
es 52ﬁ thaII ed wi,th the hole 54
® 4%1 65@’2 fere adaft, g o8 FrretEneRsen af‘ﬂrar}WEFWﬁ“hEF%&s" at most
first, second and third smooth (unthreaded) blind
0.0 (pck e @ BAXPHEPEE t 0 recei ve al i gnnent pins (530ba,
530bb and 530bc, respectively, or 530b collectively)
[00?ﬂetTaEInSJlt9ﬁwwurfane F2Qhb #4q)incluxtds dhreydeal bligd @dleab2@B arranged in
-radi us
an annular mounting hole zone which divides the mounting surface into a central portion
and an outer portion. The mounting hole zone is preferably located on a radius of 1/4 to
1/2 the radius of the inner electrode 120B. In a preferred embodiment, eight 7/16-28
{(Unified Thread Standard) or other suitably sized threaded holes 5208, each of which
configured to receive a stud/socket assembly 303, are circumferentially spaced apart on a
radius between 2.49 and 2.51 inches from the center of the inner electrode 120B and

azimuthally offset by about 45° between each pair of adjacent threaded holes 520B. Each of

the threaded holes 5208 has a total depth of about 0.2 inch, a threaded depth of at least
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bet ween 6.02 and 6.03 inches fromthe center of the
i nner el ectrode 120B. The hol es 530b have a di aneter
between 0.11 and 0.12 inch, a depth of at least 0.1
inch, a 45 chanfer of about 0.02 inch wi de on an
entrance edge, and a fillet with a radius of at nost
0.1¢3 ipgh from thesgntrasce edaeom ot T shamfenof shaus 0.08 dob vBEObmttes
of fset by about 10 cl ockwi se azinmuthally fromthe
enttantéredsad Ode bf thechohIsess S4pBaithdipaligRa Wit thehsie 330D i S
of fset by about 92.5 counterclockw se azinuthally

[oo$2)0rmb %uﬁhﬁ%lurﬁ@é @Zc%%thertnli@uéeg it B0 a%gqucl s!n?(foth

of f set by out 190 countercl ockw'se azi nut

Oba 0093 t he to vi ew _of
(unfipEeeh] g ABIeS gt th PP slifbrietiaing ativas > Dh and s306e,
nounti n surface 120bb), a gas injection hole in the
respectivgly, Pg\?\?‘qbsc%l%q’f\’fﬁ't/h(éﬂaj}s diomgrie Aiswe ) madidlly aligned at 5 3adtics
a gas injection hole in the second row is azinuthally
betwpenymBiand §.83 indeestfoine ttE38ber obithegasr elekecodd TROBhTheholBs 530b
the third rowis azimuthally offset by about 3.2

have auiinested betedrs@ 11 50,11 faeh fa(de@tﬁ&@%astao Ofkeh, | FUsC EhdrMr of
hole in the fourth rowis azi mthall y offset by ahout

abofit 8.02 frieH Qb & é?\céﬁ'm‘aﬁge %d’#{rh“ﬂgfl alvﬁthSSr%ﬁlﬁ afl?tanosépfogé?ch on

injection hole In the row 1s azinmu

s 1RO SRR S0 LBl fomo

fset by ab ut 3.21 counterclockwi se fromthe hole
U"té@eﬂﬁﬁ bligd higles 5A0fag the seeortidiote $39bb freoffsetipynabiout 92159 s
azinmut hal ly offset by about 2.81 counterclockw se from

coutiteeclpubirise Babtuthallg frgparsthie iy 2 bbled@3obg ltige ThirdinbR: 33086 BfEWy
is azinmuthal ly of fset by about 2.5 countercl ockw se

abolit 090° EbghtERIcRIVAFORSMUTRBBET e thd olEEiar i ng to Fig.
1B, the inner electrode 120B is clanped to the backing

[ooﬁ] at“?%h]e‘]tgﬁvnepry f%hec t g%g;d%{:rt]r ge 1%&95 ngg]g?gktgg V%Qerﬂf %guﬁtmg

cam | ocks) engagi ng the threaded
surficy ﬁso%ﬁﬁ S HaTiSB T ey e 5% TV s SRR algped 0t the hol

i ncludes a series of holes which receive fasteners
5308¢icheasgnipesiondiofesio thawsrond tomda dzaluthatipaligne¢ adtr ghe hole 530bc; a
openi ngs in an underside of the backing plate 140B. To

gas ajaitidn holemt thetthiod ravnis agihautialiy offget LY QBowi L 1t chlite &R Rwise from
534b on the inner el ectrode 120B, a

the hole 530bc; a gas injection hole in the fourth row is azimuthally offset by about 4.5°

counterclockwise from the hole 530bc; a gas injection hole in the fifth row is azimuthally

offset by about 3.75° counterclockwise from the hole 530bc; a gas injection hole in the sixth

row is azimuthally offset by about 3.21° counterclockwise from the hole 530hc; a gas

injection hole in the seventh row is azimuthally offset by about 2.81° counterclockwise from

the hole 530bc; a gas injection hole in the eighth row is azimuthally offset by about 2.5°

counterclockwise from the hole 530bc.
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conpression ring 170B of a stiff material such as a
hard polyimde nmaterial such as CIRLEX(r) is
conpressed between opposed surfaces of the inner
el ectrode 120B and the clanmp ring 150B (Fig. 10O).
éqOQSL The cam | ocks 160B in conbination with the
(00241 K5 ferringtorg BB ihe inree elgeTartes 26B is qhasenealip e baskipp olate 1408
i nprove thermal contact with the backing plate 140B
by 7 dlemp eéngdbqH engagiod thetraitérsteproncthe ttwen tiece 3260 B pluastdy bEdagtocks
reduce processing rate non-uniformty and ther nal

160Bdsuct b #e6 Bicint lock§ @REgidgthé t}ﬁemwme%gsmwfséﬁge

outer electrode 130B is nmechanically attached to

clarhiggiéé ﬂﬂ)ﬂ%@&@es%eﬁ?sﬁﬁ%legg\}ﬂ ‘QE}P%i\;e? sté [WHE {(ulcﬁlase E{)Igsto(gcer%\ys)

I's mechani ca attache e bac
anot her 8 cam | ocks. Fig. 2C shows a three-dinensiona
thrRog, i tRSISSOPRRNES i 20 JAFETIIER Of the backinEp pe HAPBNES BpId

the outer el ectrode 130B and t he backing plate 140B.
contgd offthe Thenring 4568 hvithdke sthp Bk on thie drser QiEctaortk 12DB, a

i nclude a stud/socket assenbly 303 conprising a stud
confpressicnmingdi70B oRoOGifmuaterieldutinasa vars polketideh3ter@Bsuch as CIRLEX®

descri bed above and - shown in Fig. 3. [0098] To all ow

is c& PréscANRONSe I ppB S BIFth cRfof BRMhA R Cleitr8ke %%@Hn@%ﬁ%%@rﬁ? éing

outer electrodes, eight elongated cams S

1ﬂﬁﬁHEt i nt o backing plate bores 211B nmachined into

: e-backi ng plate 140B. Each cam shaft 207B engages on

? stg%/soqkit assenblé,SQS of one. Page 28 cam | ock on

[009%e Th5icam Iagke de0Ria&omBimRtionYith the dRmr Bek Er0BpsRvudepPgints of
303 of one camlock on the inner electrode 120B.

me¢GO#9] suRedrErimpraye nlvavmabcoRtayt WD thebarkiog plaset0Borealice warping
view of the camlock further exenplifies how the cam

of the i epplecteddes1 20, ddldaeh&retiii® PHoEEinel@Chd PG ATokRR aAdYhermal
the inner electrode 120B in close proximty to the

noR@GirRdyp! ate 140B. The stud 205/ di sc spring stack
215/ socket 213 assenbly is nounted into the outer

ectrode 130B and the inner electraode
[008&] Inthe'em ocpumer?t sg\own, the outer e ectroée 130B is mechanically attached to

the backing plate by 8 cam locks and the inner electrode 120B is mechanically attached to
the backing plate by another 8 cam locks. Fig. 2C shows a three-dimensional view of an
exemplary cam lock including portions of the outer electrode 130B and the backing plate
1408B.

[0097] The cam locks as shown in Figs. 2C and 2D include a stud/socket assembly 303
comprising a stud (locking pin) 205 mounted iﬁto a socket 213, as described above and
shown in Fig. 3.

[0098] To allow simultaneous engagement of cam locks on the inner and outer electrodes,
eight elongated cam shafts 207B are mounted into backing plate bores 211B machined into

the backing plate 140B. Each cam shaft 207B engages on a stud/socket assembly 303 of one
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120B. As shown, the stud/socket assenbly may be

screwed, by neans of external threads on the socket

213 into a threaded hole in the outer electrode 130B

or the inner electrode 120B. [0100] Wth reference to

Fi 4C, an expl oded vi ew 400B of the cam shaft 207B
Carfdpgwn tha@uteselestradeE3ABragd g siud/spolet asrembhh298 afiwen carg lock on

403B on one end of the cam shaft 207B. [0101] For
thenoanpleetrodsi 120Bcont i nued reference to Figs. 4C, 2C and

2D, the camlock is assenbled by inserting the cam

[Oogé]athefe%QRéﬁwd\Midxlé ®, Baskd-Reritatliew BPiHe c%iln]{gck fﬂﬂger exemplifies

keying stud 402 limts rotational travel of t

f bor 62418
h()\'?&'t%ectra ig&% 3w efht {beya& ﬁ?@ptngﬁ&an lgcﬁ‘de e é& pd %e Inpg elgctrode
2115 as shown |g] g The cam shaft 207B has two
12084 gpspprodpiry i theda 'fws)mﬁ@.14@?reﬂwt%%05éﬁ@%@wgaﬁck
enl arged head of the stud 205 on the outer el ectrode
2157/g0B:t1d assembivtiheouctet b thempaeredectnode ABOB gratithiadraabr elbctrode
the stud 205 on the inner electrode 120B. The cam
1208 Ak Eha0h] BheAyd/kbdkat asbe@mbiy a@ e bdteWEE b inik bﬁé‘kternal threads
t hough use of the hex opening 403B, for exanp e,

on HRUBLEE 284 REKVrSEdel Bolin Q\Wo%ﬁg e¥ec@bad ttHgﬁmgpéectrode

Into the cam shaft 207B, and en turne W se
12dfully engage and | ock the studs 205. The clanp force
Pequired to hold the outer electrode 130B and the
ner electrode 120B to the backing Plate 140B i s
l01§Qip plVite seferpnestiedit 46 angexplededyyiew 4QMt ofrihe samshaft 207Bs1s0
beyond their free stack height. As the disc spring
indsat@e k keyldbstad AR Esly hdxiopenihgadfBBfarae didgé tiOcansshaft 2078.
transmtted fromindividual springs in the disc spring

(0164120465 exakPplt, it @nSiRGdBkferaitd tafigs. 4t TTOHEDT, % &H«t Bk is
el ectrode 130B and the i nner el ectrode 1208 to e

4
2ssBAEIH B0 1L Bl o OBl eI AT ??P%e- © keying
| ate bor : cam shaft 207B
StU$ 65}5 (gt Eog%}m"@mveiw‘?&%% et 8@%@07? in eyt g Blatebore 2118 by
travel. The stud/socket assenblies 303 (Fig. 3)
mt¢rf@mwﬂtaﬁtqmeman prtsanch ef babere 24/1Bes shoen inFiER4BinThe dameshaft

i nner electrode 120B are then inserted into vertically
207BHae halb gemnbl exoghtrib oltests bohowtbltengdges ad @nladdddhead of the stud

ext endi ng backi ng plate bore 211B such that the heads
2098n thBSusdr Wik2trd00 1 R5ARAGhe other cutout engages an enlarged head of the stud

205 on the inner electrode 120B. The cam shaft 207B may first be turned in one direction

though use of the hex opening 403B, for example, counter-clockwise, to allow entry of the

studs 205 into the cam shaft 207B, and then turned clockwise to fully engage and lock the
studs 205. The clamp force required to hold the outer electrode 130B and the inner
electrode 1208 to the backing plate 140B is supplied by compressing the disc spring stacks

215 beyond their free stack height. As the disc spring stacks 215 compress, the clamp force
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in the eccentric cutouts in the cam shaft 207B. The
outer electrode 130B and the inner electrode 120B are
hel d agai nst the backing plate 140B and the cam shaft
207B IS rotated cl ockwi se until the keying pinis
& step on.the entrance of the bore 211B.

Is "rﬁ%"'tts érﬁ%r 'afﬂly»dhﬂa rings Iih8 ke SRIINERiarkp el ovtbe sasdsets 313 and
di smount the outer electrode 130B and the inner

threiigh she @ter deOR e 1308 aibthdrvler lgcipbde 20B46 Fhe RUIASpIate 1408,
Wth reference to Fig. 4B, a sectional view A-A of the

[016]dan eh exsaiplam medews 8RR, the dah ﬁﬁm@hafstms%%@n% the backing
Fig. 4C indicates a cutter path edge 440B by which the

plaﬂ%%%ﬁehﬂcwt I‘?ﬁe cath Hﬁjaftz% sSrotéf%& yoﬁ?&ﬁl%?gvrs% t%]l{%ﬂrll ro!ta%olgal travel,

a top view O anot

set rlse ket 7400 conprisin

el SRR SER a0 2 RGBT dmetba oy Sprdiedsnbgnd
of sp kes a first annul ar gasket 7500 with a

theﬂﬂ'\ﬁ‘F &‘FF"t’?ﬁeo]fZOE @feotes insarteghintnitesticalin extanding thepugh holes below the
perineter, a second annul ar gasket 7600 with a

horjzbukally extgndifg Heokies platedhove 21 IBLHuchithat drecheads bi thd sanbsdngage
gasket 7700 with a plurality of cutouts. The gaskets

in tRE BccBhteik eldttsiin BleaGh dhaRhbyB. aid outdt@idbRlbbY 186Ghe \ﬁﬁer

and nade of a material w thout excessive outgas in

eletﬁ(?&lwﬁb ere\ﬂef @{ the%ag(m&pgl‘.prg lih%é'g)nc}t?\e%gr(r)r 5 ﬁ?é?q I8 rotated

avi ng omrpa i cl e gener elrng co
shear  at co act points, and free
C‘°‘ra'h‘é‘f55|“|"F E gﬁ’ﬁ%@ﬂf@"‘r‘ﬂt vipestep pathepntrapce piing bPW 211B. The
sem conduct or substrates such as Ag, Ni, Cu and the
exepriplesy mplde oferscation manbdreversebigetidtount Hhecarier eéamilaaaoB and

foil sandw ch gasket structure or an

theéhras tle0R6des120B oS theHiaei@hg SatadwoBh gasket structure.
The gaskets can be an al um num sheet coated on upper

(01850 WRNSSfershee® righabh &c{u f WBJ\/'AYA ol e Glae G VL& | ré!w 4208 of

conductive rubber conpatible In vacuum envi r onme

o R T T T 8 DR S EF5

erably conpliant such that they can be conpressed

““%H@ﬁ”@HQS%?E%Qrode and backing plate are nechanically

cl anped toget her but prevent opposed surfaces of the
[0184]e dtigsodeshemd aliar kiewgpf pheather daslansetu Fbisiggsiaey sdtrnsmpreiss bn inner

ot her during tenperature cycling of
gasket 7400 comprising a plurality of concentric rings connected by a plurality of spokes, a
first annular gasket 7500 with a plurality of cutouts on an outer and an inner perimeter, a
second annular gasket 7600 with a plurality of holes and one cutout, and a third annular
gasket 7700 with a plurality of cutouts. The gaskets are preferably electrically and
thermally conductive and made of a material without excessive outgas in a vacuum
environment, e.g., about 10 to 200 mTorr, having low particle generation, being compliant

to accommodate shear at contact points, and free of metallic components that are lifetime

killers in semiconductor substrates such as Ag, Ni, Cu and the like. The gaskets can be a
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t he showerhead el ectrode. The gaskets can be
manuf actured of a suitable material such as "Q PAD
I1" available fromthe Bergqui st Conpany. The
thickness of the gaskets is preferably about 0.006
i | The S fea ures of the gaskets can be _

s 'C&Pﬁ ?a”t%‘tttm tsa Ieh eas éH@%ture eranrﬁﬁl Bupeiiajnpgstael sapdwich
froma continuous sheet. The gasket set is nounted

gaskpd stlBEHre: Toe garkelsicambpamaleminbBshaaticaabesl drupmer and lower sides
el ectrode 120B and outer el ectrode 130B to provide

witleh ereirmbihedndasiattridally cordu@RBt@sder thRpAIRE %%cudr@é%]onment
Fig. 7D shows the details of the i nner gasket 740

used HesehdueBsiehurid0ne WREERTs OJI%ralsﬁtg%tc‘chﬁ-t are garried out.

concentrlc rings I nterconnecte spo
firs 7 [ r dla er of at. | east

The gaEts freR e o tpdpfack fech U5 tﬁh\b‘%%@@r‘w&%ﬁeda‘h*be"athe electrode
outer dianeter of at nost 1.35 inches (e.g. between

andipaghingpigtero merirnieally daraped togethes iy praveat onp@s@cbmecessd the
to a second ring 7402 by eight radially extendi ng and

eleciadmant abdkingeplasa from repliogagaist kach ofHdr 2lurikgtdmmpatiee cycling of
7412 has a wdth of about 0.125 inch. [0106] The

the SO0 esd d16ctidR2 ThaSaskdts EAMNRY mSHh APRERH ofh s@tabl :
1.35 inches (e.g. between 1. ?4 and 1. ?6 fnéhégﬁé%HaSUd135

LA e Rl RSBy

ed 10 a d ring 7403 four’ radlal
abog PRGN HraRaor G et cpRedae sk Py ophed,
these four spokes 7423a and 7423b oppose each ot her
or papfsrabIv Insererfram agpntirious sheet. Yesket FetGOmavnted betwekashe
a wdth of Page 31 about 0.56 inch and a rounded

backieg platgy1A0Brand pledinner d|eb4ddan2aB antiAdérdle®iodahsns tobrddde
inch by about 0.46 inch. The other two of these four

eleé“tﬁ@ﬂf@% M?n?iél c@ﬁ‘t‘%cﬁtﬂ&%@e%@ﬁse each ot her about the
center of the.inner gasket 7400 and each has a width

oy S o o RP yBP BB IOt Bt v

} é@?l The third ring 7403 has an inner dianmeter of at

Pre[eEaisy Compyises Wﬁ%gové"fg'c ripat fkssrProeated by rrdiab smafes. rivtirstiing
and an outer dianeter of at nost 4.23 inches (e.g.

7408 des\ereinngr dlamated oBatepst 0.A¢€ ek Ye.g. Blebwdeni 0. &R aridrigeS iach) and an
connected to a fourth ring 7404 by four radially

outexdiemetiengf @&mabost 1.35 inches (e.g. between 0.97 and 1.00 inch). The first ring 7401

is connected to a second ring 7402 by eight radially extending and azimuthally evenly

spaced spokes 7412. Each spoke 7412 has a width of about 0.125 inch.

[0106] The second ring 7402 has an inner diameter of at least 1.35 inches (e.g. between

1.74 and 1.76 inches) and an outer diameter of at most 2.68 inches {e.g. between 2.26 and

2.29inches). The second ring 7402 is connected to a third ring 7403 by four radially

extending and azimuthally evenly spaced spokes. Two of these four spokes 7423a and

7423b oppose each other about the center of the inner gasket 7400 and each has a width of
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azinmuthally evenly spaced spokes 7434. Each spoke has
a wdth of about 0.125 inch. One of the spokes 7434
is offset azinmuthally by about 22.5 countercl ockw se
fron1the spoke 7423c. The third ring 7403 al so
in é %g t wo ro% g hol es 7403x and 7403% | ocated at a
about 58 inchiage 3 RUNIBRFerEABAUIRT oReningd 74237k of FA3ES) efrabaut hal inch
center of the inner gasket 7400. The round holes
by gbp0BR.46 rth 7 ZiS8gthérdwe o titisa fetrapolef 74d3eunhd G4 1RBoppdedieach other
The round hole 7403x is offset azinmuthally by about

abodbtheaenter bELhe Griviat gﬁkémﬂohh@eﬁdﬂ%% WA of aBFJlﬁ 0r19YMth. one
hole 7403y is offset azinmuthally by about 9

4 nd ho 7403x
spokt SRS SHest AN IRA i d o“?‘féé%%y 14t {?%? s
1 ng 7404 n i nner di anmeter of

lméﬂ bk 4R ring o b o ermeie et aat 568 inshende ibetween 3.17

i nches) and an outer dianmeter of at nost 5.79 inches
a"d(iez‘bmdkﬁ.fi piskan @itargliameter & a2 mashe PRirhesThe. heaxweeh3.7i agd 3.74

7404 is connected to a fifth ring 7405 by a set of 8
inchrealliThe third rengtisrodheggeditoch fanithuin ahdabyersantagiafipagesting and

spokes 7445a and another set of 8 radially extending

aznrﬂ@l‘ﬂ\aﬁ\,zém&@gédeb{ sFOKROYMB4S @@Q’?ﬁoﬁ@ﬁ’&easwﬁf‘hdf SP%@%?; int€ne of

spokes 74 is offset azinmuthally by a

the%Bb’ tseiﬁgégﬁg‘mt%%mu I’?ar‘ubb gl%? n%?%af?c?@‘%%?og@ﬂfé) ffr%% gﬁe spoke

se fromthe spoke 7423c. Each sgoke 7445a and

742?&4‘5'?)6 ‘ﬁ‘é{g rige ffQ sogpelugis o ounsidioles FA03xme! 2483Klesated at a
7445a and 7445b extend Page 32 inward radially and

radinbgisteneecbatweert bz and T.7hipciesGron texeriey bf therioser gaskbt DFO0. The
whi ch has a central angle of about 28. [0109] The

rouhil hblas 71083 aRd OB0FRsvas diaeesr o bBIRbADS Hchatrhé %ﬁa hé}e77303x is
inches (e.g. between 6.35 and 6.37 inches) and

offs%.ﬁ:”'aﬁﬁwuFHaﬂ‘gﬁ\gﬁfou?%“ﬁ)u@%c?wgéf‘#oﬁ]%g§pé§ﬁ33?eIIhwgound hole

I nches

74 R R By et p s Fom o € Bice e hols

One of the spokes 7456 is offset azinmuthally by about
7403y apd 4MQ3vrREe cppbiRwred ipmeeivealignmentpispokes 7456 has a

wi dth of about 0.125 inch. [0110] The sixth ring 7406
[0108)s e fowmeringll4dvbaean inheadiarhet@s bf at .4t 4.08 ieBes((@.g0between

bet ween 7. 92
4.78 and 4.81 inches) and an outer diameter of at most 5.79 inches (e.g. between 5.19 and
5.22 inches). The fourth ring 7404 is connected to a fifth ring 7405 by a set of 8 radially
extending and azimuthally evenly spaced spokes 7445a and another set of 8 radially
extending and azimuthally evenly spaced spokes 7445b. One of the spokes 7445b is offset
azimuthally by about 8.5° counterclockwise from the spoke 7423c. One of the spokes

7445a is offset azimuthally by about 8.5° clockwise from the spoke 7423c. Each spoke

74453 and 7445b has a width of ébout 0.125 inch. The spokes 7445a and 7445b extend

Page 32



and 7.95 inches) and an outer dianmeter of at nost 8.89

i nches (e.g. between 8.16 and 8.36 inches). The sixth

ring 7406 is connected to a seventh ring 7407 by a set

of four radially extending and azinuthally evenly

g okes 7467a_and anot her set of four radial

W TE RSO APRPTE T HEPIPESORH P SpcEE BRI hyeap contra

One of the spokes 7467b is offset azinuthally by
angletnd@bod.28°.count er cl ockwi se fromthe spoke 7423c. One

of the spokes 7467a is offset azinuthally by about

[016D]4 Tht GiEtk Wng 2405 Iidah v ef BRkR1eF $2 B0 easkE8 70 iSdPOKR . g. B4G/E8n 6.35
and 7467b has a wdth of about 0.125 inch. [0111] The

and%eé"?gm%s u@e7r et@rnof'a‘a gl%ét ﬁi@gﬁge% ée/gfbeﬁ%eérseéﬂ eH]d 6.75

I nc tween
0.18

. er of at  nost,

inctizak Ji %ﬁﬁ@r'%a’@ﬁds ccng e fics sef Fing dab e G ST osmaendigend
7407bh with a width of about 0.25 inch separate the

azihallyrayenly prpced emoken {456 Rne sétheisppkes 7#he isoffsetpeinmalptis by
is offset azinmuthally by about 90 counterclockw se

abolut 80hftometheppéie 74238 cEachitiee spokesa58 AB7DWidtls oldbios£0.125 inch.
azinmuthal ly by about 90 clockw se fromthe spoke

[oﬂ 23te sixEhlirg] 740BBad 4 BheiMidar ofRRa6L 7 IPREhd IS bFe'nQeen 7.92

7C) has an inner dianeter of about 11.95 inches an

and¥ 1o, I:I'?Js) Q’ld%x? dﬁérn&lap&at?r?osf"g% ﬁpegss( ﬁe@eeweén and836

annu ar gasket hree  sna r cu

. 750 08b_and 7508c on its inner perimeter.

inchas} aﬁ% gxtgsmé BAeklgEonnecteddo pspuentiyring 7407 by aisel 9f>f°‘6frﬁ‘§é'{y
fromthe cutout 7508a by about 92.5 cl ockwi se and

exteristing andegignuthally leverde spaced spoked 246V y andTmeteerseesfdowfradiblly
cutouts 7508a, 7508b and 7508c are |located at a

extéraiiigadnddizigiuaingip e0énipbidéd §poRds 7467 h.eCnef JfaRa spgdReCRIBYE Is offset
of the first annular gasket 7500. The cutouts 7508a,

azirh IR MOZtSQ&CcJuﬁfé?’clb&WeQrc@pqwe s ﬁlle“fi%s@ One of thfe spokes

sem - CI rcul ar outer perl p ery WI anet er
bo t 125 and J an.in
e ARt Pt HRul B lirktP sontitf P 1928 dachransbe
| so has t hree Iagge di aneter round and outmardly

745f7a@f‘i’1§4‘-b7l§>t*@§1?§‘”#9 AbourHF@Y inghd 7508z on its outer

perinmeter. The cutouts 7508x, 7508y and 7508z are
[013Y] rikelsavdnyh sugizdd7yhas pao@edr dindeteavtatdeatt aseirehesgk.g. between

about 0.72
9.34 and 9.37 inches) and an outer diameter of at most 10.18 inches (e.g. between 9.66 and
9.69 inches). Two cutouts 7407ah and 7407bh with a width of about 0.25 inch separate the
seventh ring 7407 into two sections. The cutout 7407ah is offset azimuthally by about 90°
counterclockwise from the spoke 7423c. The cutout 7407bh is offset azimuthally by about
90° clockwise from the spoke 7423c.
[0112] The first annular gasket 7500 (see Fig. 7C) has an inner diameter of about 11.95

inches and an outer diameter of about 12.47 inches. The first annular gasket 7500 has three

small-diameter cutouts 7508a, 7508b and 7508c on its inner perimeter. The cutouts 7508b -
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inch. Their centers are located at a radial distance

of about 6.48 inches fromthe center of the first

annul ar gasket 7500. The cutout 7508x is azimuthally

of fset fromthe cutout 7508a by about 37.5 cl ockw se.

Wien installed in the showerhead el ectrode assenbly
a“d17é§%9 qradzimytadly pHied fiom e cutprs7508R &y AbrUt 345, clogievise and about
. cutout 7508a is offset azimuthally by about 90
190¢ dorimdgee fespeatively. Thesantetsef Spodutoutd 2318aj T50Bhand PBG8E are located

gasket 7400. [0113] The second annul ar gasket 7600 has

at adBdibitistsncd ioh BBSLR 6.021in AABOHEM 1Re Sitért RASHrhnuRPe 1L E500.
di aneter of about 16.75 i nches. The second annuFar

Thegzﬁt?dﬁ?st 756@9956%% Flfdy'g.‘,'&?ﬁ gaicé &Wa% anﬂﬁtlﬁﬁ% g ge%%ir%@g%@tgr

spaced azi nut centers o ol es a are

|ocated at. a  ragdial distance of about 7.61 inches ‘
perp Rt SGathen 012 B0h e SR paekBen PG stight

hol es 7609a have a dianeter of about 0.55 inch. Wen
radiahedegs. | B¢ firt anAdlasgasht7hedelso kasdbree drige-diemetdsrqurkog

(as described in details hereinbelow), one of the
outivetdbsfadi6®8aoits 7568, nEashahd y5G8z iog e dutkir pbrirBRr.MHecutouts

7403y .on the third ring 7403 in the inner gasket 7400.

75080 €750 LA RIS 0BN AN agim Bl 8hualif 9PacBl 3Rd RAR aUsmERMShbout 0.72

inwardly facing cutout 7609b on the inner ‘perineter

. of - c er t hi s cut out

et Bl S el Sle PREE T b iR SbBli i hEufomdi emer o
fron1tqe center of the second annul ar gasket 7600. The

the first gnRulargasist 7Rl The aitawePaRx is p2iawbially offses fromthe cyppwh7508a
installed in the showerhead el ectrode assenbly Page 34

by ak@OB3 1 a'sclaréwisei Wéeniinstalled i the simeverh edviedl entode bése mbiyt 1WOB (as
7609b is azinmuthally offset fromthe hole 7403y by

desaiitsEdtin EXRilSheroinbélows; | the kit 675080 R FRECRTN ARSI about 90°
gasket 7600 further has three circular holes 7610,

co uﬁ@e@go&%e?m t%&@%k@%ﬁg inttgcle ginlegg\é'st(@cg)lm@c cess. These

oles are |oc at a ra stance of about 7.93 .
inches and ,have a dj r of .about 0.14.inch.  The
o) J5% 5B B34 TaP ekt 7B08 as 0 157 Sl afitzp pOgiehes and
about 7.5, about 127.5 and about 252.5 respecti vel
an eytgtkianeter Pt haut he7e iichrr Treewpnd puarjgasket/§09ihag eight circular
annul ar gasket 7700 has an inner dianeter of about
holds776R9a pqafie sparad azimuttally. ethedeairrt afthofioledt800a 38.16Qited at a
i nches. The third annul ar gasket 7700 has ei ght round
radial distance of about 7.61 inches from the center of the second annular gasket 7600. The
holes 7609a have a diameter of about 0.55 inch. When installed in the showerhead
electrode assembly 100B (as described in details hereinbelow), one of the holes 7609a is
azimuthally aligned with the hole 7403y on the third ring 7403 in the inner gasket 7400. The
second annular gasket 7600 also has one round inwardly facing cutout 7609b on the inner
perimeter of the outer gasket 7300. The center of this cutout 76009b is located at a distance

of about 6.98 inches from the center of the second annular gasket 7600. The cutout 7609b

has a diameter of about 0.92 inch. When installed in the showerhead electrode assembly
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outwardly facing cutouts 7701 equal ly spaced
azimuthally on the outer perineter. The centers of
the cutouts 7701 are located at a radial distance of
about 9.30 inches fromthe center of the third

u .gasket 7700. The touts 7701 have di amet er
100 AR T sfr-ml{egm JesheisRt {45 s Bplatisgtom the
120B is installed in the showerhead el ectrode assenbly
hola D8y buabetti2gAAbsauntereieckedr@ B Theberond BynulangeskehPRAO further has
al i gnment pins 109B (not shown in Fig. 1B) and three
threWired lahd 1€ THR 0, 76R0 B6d {6BOtcorfigUMEd tdallbivGoollB}esal Theké h&lks are

inserted into the annular groove 550B, hol es

Iocaﬁé@ﬁag r%élgﬁhstﬁm hab& 7230RcheEhSd h%@dmrﬁ@tﬁpﬁ&tbb&ed Yainch.

The 1 nner . gasket 7400 is then nounted e I nne

e e e 1R RN E 0T P 7 Bhana avo

center hole of the inner gasket 7400 corresponds to
252tfhée%Fft@’ﬁW&W"WﬁsﬁH°TGBBC‘§HHt 1608bcenter gas injection

hole in the inner electrode 120B. Openi ngs between
[0114e Thetkird aninulps gashet 7700 hhearsipo&retiametet bieabionhEr.2giastkastand an

7400 correspond to the first row through the sixth row .

outef digétel Bf Aot CNENPLIRS, TRe tHNR AnAGBF gasRSTDO RELE: Q&md
The first annul ar gasket 7500 is nounted onto t

0
oul AR o e Bl e Rt Bl e é@%@em@ Fe
res t|veI h an ht h rows of
centrs BE e aions 8! Fus et %tﬁéaga@gﬁ@cewé@mgﬁ 3ogbegfrom the
the i nner gasket 7400 and the first annul ar gasket
cenyg@d thegthisth enrulardesket R 240. Aksariputs 203oRe aghamaterdatiovt 0.53
into the eight threaded holes 520B to fasten the inner
inckel ect rode 120B to the backing plate 140B, with the
i nner gasket 7400 and first annul ar gasket 7500

Oliﬁq%@#ﬁ\@ nﬂé?%fe@@@&é’m is ibtal&d in e §Ho%rﬁ'e§9@|e'c ode ass?mbly

fastened onto the backing plate 140B . y a plura

o} B RE 7 doR P ) SO el SR P el s&bﬂfbe@gﬂﬂﬂﬁ%fn' s 19

303 and the clanp ring 150B support the inne
anghihecq %ﬁfea"msmawn%mﬁ Hewp infie-Héy a@éﬁstt'mﬁért@émt@itheawu'ar

outer edge and at the outer edge, respectively,
groovg B holeheA0Ba/546Bin arzcbholed 330b (i Sh cédpagivelyaiThe ih@Bgasket
and reduce warping of the inner electrode
7400 is then mounted to the inner electrode 120B. The holes 7403x and 7403y (Fig. 7D)
correspond to the inner alignment pins 109B; and the center hole of the inner gasket 7400
corresponds to the alignment ring 1088 and the center gas injection hole in the inner
electrode 120B. Openings between the seven rings and in the spokes in the inner gasket
7400 correspond to the first row through the sixth row of gas injection holes in the inner
electrode 120B. The first annular gasket 7500 is mounted onto the inner electrode 120B.

The cutouts 708a, 708b and 708c correspond to the holes 530bc, 530bb and 530ba,

respectively. The seventh and eighth rows of gas injection holes fall in the opening between
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120B caused by tenmperature cycling during processing
of substrates. The second annul ar gasket 7600 is
pl aced on the outer electrode 1308. The ei ght holes
7609a correspond to the eight caml ocks threaded on
t he ouker el ectrode 130B. The outer el ectrode 130B and
the frqer 83sketeiA08 pad thediie annder sasket7500. diieht stusldsasket assemblies 303
backi ng plate 140B by rotating the camshafts 207B
are Threadedd htaibel eightrtb rekdd@Bolens BB o fakleh ths ifras tletestet 120B Rethe
backi ng plate 140B by a plurality of (preferably

backing bleje To0R) WRE - inrfd? @adidt T4boRA Bk anQia
Igge; be?&een s%e gﬁroud 190 anda?heﬁﬁgﬁﬁﬁzggy%ﬁdWWhEd

the%e%gﬁveéaﬁhﬁgé: HB Z{(&é Pa?{ n a'&ﬁgﬁ%hr}%l pi%g 1&(%0@/ a plurality of

bolt: 2116 The 7401 74 t he sgpkes.in t he i nner

ol atecfied ecb%oemga g unsiersidn g Ggibpsignap g gE nhe
as long as they do not obstruct the gas injection

stugyspekst aso@Bblies B3 anththe claolpyinEEG8B seriogrhire irtner lactrdd@8BOB at a
or alignnent pins 109B in the inner electrode 120B.

locdtidh béjwdenghe ddntataad®uteredge atidcavtid oytet edyepidapdctigas kfbrove
set. This gasket set conprises an inner gasket 7300

theARATREAEEBtHHR bHEIM didte @ﬁoe?&mﬁ%%{é \ﬁarﬁln?Qﬁ tﬁéan(@%‘e?gg%e

by a plurality of “spokes, first an ar gasket
outs on_an quter and_an inner
120%&6“2%%%%%%" P A AP i

urality of holes and one cutout, and a third
Eas'&ﬁ r? 69%is plpsetken thepotenlactrode p3QR- diheeighbholes 7698 sorraumped to the
gasket set is identical to the Page 36 gasket set
eighfitanrodks tiFpared onGhangte Bectendeci30B1 Tid odtheeleetnele 1§08 ket the
7800 (as shown in Fig. 7F) does not have the seventh

innér dlegtratiel 1 PB4 e FasEehRB QB4ih N Bhd IRkimk pldle BAUB By1Bta3RY B Am shafts
rings. [0118] The rings and the spokes in the Inner

zo7@a~°rk@& s fp% nﬁgbqsérnr 986 #Faeﬁwto%m@a& gm&@&g&[ B &9

ong as not O tru as 1 njection

cks 160B me ring 10 or
Pl AL rﬂ‘?vn@gm% ks 1bE PRl sk gtiE 09 mtace between
[0119] While the showerhead el ectrode assenbli es,
the jshiiggd 180 ard the daekingnrleteri 4B ctherayituss 7HHEoeshand te dhescam locks
have been described in detail with reference to

betwpacihkisbroadtiod ambthiebackihepletef1408t Wil | be apparent to
those skilled in the art that various changes and

[o218)diThe ¢iakd PAB3-7407 and the spokes in the inner gasket 7400 may be arranged in
any suitable pattern as long as they do not obstruct the gas injection holes 106B, the cam
locks 1608, alignment ring 108B, or alignment pins 109B in the inner electrode 120B.
[0117] Fig. 7E shows a top view of yet another gasket set. This gasket set comprises an
inner gasket 7800 comprising a plurality of concentric rings connected by a plurality of
spokes, a first annular gasket 7500 with a plurality of cutouts on an outer and an inner

perimeter, a second annular gasket 7600 with a plurality of holes and one cutout, and a

third annular gasket 7700 with a plurality of cutouts. This gasket set is identical to the
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can be made, and equival ents enpl oyed, w thout
departing fromthe scope of the appended clains. Page
37 W& Caim 1. An inner electrode for a showerhead
el ectrode assenbly in a capacitively coupled plasma
processi ng chanber,_the showerhead el ectrode assenbl

835'8‘6 APPSR Heh ik R"“%@D (sreaPbthap Hig ingergasket ARQL(er Browndn g's- 7F)
ext endi ng bet ween upper and | ower faces thereof, a

doeg hahipave thregseventhiring andhspofesaod hgetiag ttlenslithgntl Itlam:g:eerah dings.
hol es configured to receive fasteners which engage

[0108]eThB@iRgd dhdithe spokeLin thémAedaskdl 780G /sl BE a%ﬁ‘ée@ in &%V suitable
outer el ectrode having an inwardly extending flange

A e
oo BnES BePke %‘f{%%g%&ft“é%%‘? R
| urali t hreaded fasteners
g BT 0B B S ST e 10} RiEg e 8ot errRAGzOR ng
ate, and a plurality of alignnment pins; the inner
ngﬂed’é’h'!ﬁféeé'mvpﬁrrh%adrﬁject@dpP-‘éswg'l@xwosedeetmdmtemmtrodes
| oner face thereof; a nounting surface on an upper
andf gaslet séte haxefheea dbsaribed mnietdilavitheteépemrrdoapsafcantbodiments
annul ar step on an outer periphery thereof, the first

the oM, |§\ﬁm%@@??$r@ﬁ’§to(i9&fe'sﬁﬂéﬁﬂ thOartBif VWKSJ?, cﬁxgﬁgels ng}h ications

extendlng ange of the clanp ring, and the Inward

0, B B e DGR S B0 SR e

the plasna exposed surface and the nounting surface

claifer eof and arranged in a pattern matching the gas
injection holes in the backing plate; a plurality of
unt hreaded blind holes in the nmounting surface
configured to receive the alignnent pins; an annul ar
groove in the nounting surface configured to receive
the alignnment ring; and
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a plurality of threaded blind holes in the nounting
surface configured to receive threaded fasteners
whi ch attach the inner electrode to the backing plate.
Page 38 2. The inner electrode of claim1l, wherein the
WelEs injection holes have a dianmeter |ess than or
eg%WHI to 0.04 inch and are arranged in a pattern with
one center gas injection hole at a center of the
1. i nrfrine¢reatectrode fanghewerheateaderterassemtiweg aofapapitively coupled
i njection holes, the first row having ei ght gas

pladnmy protésoing bivdnetser) 106 s Rebrhdadalécidida hssdinblyaoafriohg #B&%ing plate
0.6- 0.7 inch fromthe center of the inner elec%rode;

havir§a$ RFRA6n hOW G 5 ol | E: i

M r{(;é%gt eg&gt nar a%?ée{l'?d% %’Itt\gﬁ%e £ ggﬁ%{g%?%w?{égfﬁéﬁ&n nng
fram.t he center. of, the i,nner electrpode; the third row

e A R g e gparcieles con iRy bipkes G datensrahish engage
radi al distance of about 2.1-2.2 inches fromthe

opeRigs BYthgfowesdade of e kaclieg platgean ewter lectrade having avmwaydly
thirty-eight gas injection holes |located at a radia

extefidingflavge afid haleoouonfigured & Rceinefasenéisovhithemesgipeningd in the
the inner electrode; the fifth row having forty-eight

lowgpfacé Bi 16 bb&dhe Pt san Mgahest rfilg, ApluAfitdf tRicali@NG&efdrs which

about 3.6-3.7 inches fromthe center of the inner

; ; i [ = as . :
ot S PR e e Hbabe A B bl G ™R pinggbg oner
e A48 i.nches fromthe center of the inner electrode;
elegifpde CAMRHEIAE' ow havi ng si xty-si x gas injection hol es

| ocated at a radial distance of about 5.0-5.1 inches

f r ohilpsies epasasksugaca 9rea lomsefacetheceafpde; the eighth row

havi ng seventy-four gas injection holes |ocated at a

r adi mbuittirgtsarfec of an lperfacdthérdpf8 i nches fromthe

center of the inner electrode; the gas injection holes

i SAsardnAWr 8ep aAd b Bidoiabhyuistva c!;rVarﬁﬂﬁS riph r_y-me% f, the first
I ep upaflty o

i nner el ectrode of claiml, wherein t
o S A e SRR By S B
andttﬂg?newaenii |9 rg(tending flange of the outer electrode, respectively;

a plurality of gas injection holes extending between the plasma exposed surface and
the mounting surface thereof and arranged in a pattern matching the gas injection holes in
the backing plate;

é plurality of unthreaded blind holes in the hounting surface configured to receive
the alignment pins;

an annular groove in the mﬁunting surface configured to receive the alignment ring;
and

a plurality of threaded blind holes in the mounting surface configured to receive

threaded fasteners which attach the inner electrode to the backing plate.
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t hreaded blind holes threaded to a thread size of
1/ 4-32; located at a radial distance of Page 39 about
2.4-2.6 inches fromthe center of the inner el ectrode;
and having a depth of at least 0.2 inch. 4. The inner
elzgtrode of claiml1, tqs %ht t hreaded blind hol es
2. P BYSF Rl6CttRdie T Fai Liavhessin Thepsas fiaction hales haeia dlampter less
the inner electrode. 5. The inner electrode of claim
thari or egvel 9i0D4tinch guidarendriranged in @ pattsl with loine nehthodae injection hole
conprises a circular row of eight equally spaced

at atcBhteadtgie Mniepéeleftfd d@int Rightca e ftdic oW dr@adinj h@lﬁh&és
7-16/28; located at a radial distance of about 2.4-2.6

| NGRERrt FOQJTHJVE% gfg‘f’n?%fsrm ekt Jn%iqg'lmﬁdﬁl a@é?&%%&nﬁgpgabout 0.6-

havi ng a dept | east
C n the plurality of
07”%5&?85%8863Frﬂgh @P@wwqggﬁfigured to recei ve the
alignment pins conprises a first set of holes and a
o cdBREECeRd Fay havng eighteqn gas fnjection Sales lrathé plearadial distance of
conprising two holes: (a) located at a radial distance

aboof 1.3H0biinches fronflth8 cemtehefthé inmer tlbetratent er of t he i nner
el ectrode;. (b) radially aligned and azinuthally

of faethiRdrodMavihg Mtﬁélgﬁpﬁdﬁmé&@n%@m&%a aPh PR¥al disEahce of
havi ng a di aneter of about 0.10- 0.12 inch; (d) having

abofit 98B DinBlesdo {rlﬁ\@%tantg &ﬂh@ﬂ?rer&@g; cﬁﬁcond set of hol es

conprising a , a secon e and a third
holﬁ: (a? cat ed .at a radi al di stance of abou
6 656 o ende g Dy REML @irarctisn holke achisE At 8 s Aistaace of
é the first hole azinmuthally offset by about 10
aboelt 813 wehesifiom ieeemer ef tha inngeelettrade; set; (c) the
second and third holes radially aligned with the first

holtae &ftd raa hmiddrattyeight Essdhjebyon rRaUGcatsd. & aandlalaiatce of
190 countercl ockwi se fromthe first hole; (d) having a

abog]t 38R £lncids fro@b@\‘étcegtelaﬁge%e'r BeBrode®) having a depth

Ieast O 1 i nch . The 1 nner el ectrode of claim
L RS B RS SR R e

about 4.4-4.5 inches from the center of the inner electro'de;

the seventh row having sixty-six gas injection holes located at a radial distance of
about 5.0-5.1 inches from the center of the inner electrode;

the eighth row having seventy-four gas injection holes located at a radial distance of
“about 5.7-5.8 inches from the center of the inner electrode;

the gas injection holes in each row are azimuthally equally spaced.
3. The inner electrode of claim 1, wherein the plurality of threaded blind holes
comprises a circular row of eight equally spaced threaded blind holes; each of these eight

threaded blind holes threaded to a thread size of 1/4-32; located at a radial distance of
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a diameter about 12.5 inches; the first step has an
i nner dianeter of about 12.1 inches and a Page 40
vertical surface about 0.11 inch long; the second step
has an inner dianeter of about 12.0 inches, and a
vertical surface about_0.13 inch |ong; the annul ar
ab%i&@% inches frgm Higrcepter gf thediner elsrtredrs avd baving 3 dapii) ofa least
i nner di aneter of about 0.24 inch and a depth of at
0.2ipgddast 0.1 inch; the inner electrode is manufactured
froma plate of single crystalline or polycrystalline

4. siTheianendidctrode 6fasdimtl, tHetaigh® Gira@Ri Mind B6le2 B 18catdn a radius
Ohmcmand a total heavy netal contam nation |ess

of 1/‘4*%@'1{591e9 i&ssbfﬂ'?%inméélécwades' A thermally and

el ectrically conductive gasket of a gasket set

confi.gure o,be. .nounted in,a shqwerhead el ectrode
5. o Du R SechBeH il wEe e Bt R et Biasege Biind Vofes
conprising an inner electrode having eight circular
comprisgs asfreygigow af eight esathiipaeed thregfed blindthplestthrepdesthomrthread
pin holes, an alignnent ring groove and/or a plurality
size off 7-16/128 ddeatledren lagrsdidlatistance ©f bhvaut §.4F A6 trehésfgomeitdntes BB the
an outer electrode having a plurality of threaded

inneh@le@Podedbnd KRB ia\depth dfas [B&i0ME iRBChani sms; an annul ar
shroud having a plurality of threaded holes for

regel vi | . SIS ; t _set..
6. ottt pRRISCBBhE Al CRARFB ool BATEHep B ping hotes
pounted on the jnner electrode, conprising a
conflel[RAP;"BSPIVEANGAUBEBREY PIRS FAMRATISRS hifst b AhriewrNdRsegond set of
plurality of spokes; a first annul ar gasket configured
holegio surround and be concentric with the inner gasket
and be nmounted on the inner electrode, conprising a

f | eie fararsat efholels BEMPAshIGvahdddsti (afloichted a€alt£lH] GistaAce of about
second annul ar gasket configured to surround and be

1.7-E8HRBS frdk 1Vl dehiter BBerel ifrsdr clcRf0; 7) rdsaki @éHj;ﬂkaeazimuthally
nount ed on the outer electrode, conpr|3|n5 a at

offs&%r\]/% glrlt 1r8i0n(9' abgt?tvi.ﬁ}g 1‘r%nfJ elalé g{f\ieg;)(c)%%gi%g tascl.iamF:e%greof%%out 0.10-
0.12 inch; (d) having a depth of at least 0.2 inch;

the second set of holes comprising a first hole, a second hole and a third hole: (a)
located at a radial distance of about 6.0-6.1 inches from the center of the inner electrode;
(b) the first hole azimuthally offset by about 10° clockwise from one hole in the first set; (c)
the second and third hole;s radially aligned with the first hole and azimuthally offset by
about 92.5° and about 190° counterclockwise from the first hole; (d) having a diameter of
about 0.11-0.12 inch; (e) having a depth of at least 0.1 inch.
7. The inner electrode of claim 1, wherein:

the inner electrode is a planar disk having a uniform thickness of about 0.4 inch and

a diameter about 12.5 inches; the first step has an inner diameter of about 12.1 inches and a

Page 40



a third annul ar gasket configured to surround and be
concentric with the second annul ar gasket and be
nount ed on the annul ar shroud, conprising a flat
annul ar ring having a plurality cutouts; wherein the
rﬁa?§g¥ accommodat es gas injection holes, alignnment pin
verfieal sutace ghout G 11 achel pRe; thensgethverehasiiay/iner dinenatenat abeud 12.0
hol es. 9. The gasket of claim8, wherein the
inchesnarelrat veirideat $untace alpgs 0i13 indhdong) theranpalsk gloode Ieas an outer
conti nuous or segnented. 10. The gasket of claim8

diatwb e ef #bdulf@.44 B[ ardidR&iadiarhQEPS BBt Gib4 InBRadd §Hé‘pth of at least 0.1
concentric flat rings having a thickness of abou

iR ?."?Q‘?&t?{"‘ﬁ Sl 0 LS A 5 e

. an . r diamneter of at nost 1.35 inches;
5“'°1°H é‘“@eac’&ﬂ '\?‘iV:f?ﬁtWFaf@ 0.00539A 8020 Ohmsera eng e tetel heansmetpl 35
inches and an outer dianmeter of at nost 2.68 inches;
congaingtign lgssrthamylhpartssrerimifier. di aneter of at | east 2. 68
i nches and an outer dianeter of at nobst 4.23 inches;

8. t heA fheumblly andrefechvicallyaconidocte gaikatret £faskdt satt confgibd b 123
i nches and an outer diameter of at nobst 5.79 inches;

mobiM@dfd 4 tHbWerinGh dRAR 13 Be bﬂ@ﬁBlyQﬂh@@ﬁ&ﬁéthﬁd e)@&rcl | nc{}}a

i nches and an outer dlaneter of at nost

corﬂﬂ%hngs?)ﬁ;ﬁhderrgﬁg‘gg Sh a‘”\l/g'} n@t gchugatrarmt ?eﬂ%?fnéeac gn ﬁﬁlgﬁ é@lurahty of

11. The sket of claim8, wherein: (a) the first
alignmsny Bip hgles @ aligamentingsraoye and/er arluialityokthreagded hotes for
configured to accommopdate fastening nmechani sns and
receifing éastaninBUmechenisas; dnmger efestrode baningopifiiatityraf dhreaded holes for
accommodat e al i gnnent pins; (b) the second annul ar

recgi@ibl eistdie: ethafishndn @RuBNsHrOERavitgld dIBG MY offiflefied holes for
first set of eight holes configured to accomobdate

mc&@ﬁ%%ﬁhﬁﬂgﬂﬁ&ﬁﬁPF&QB and a second set of three holes

contigure oW t ool access wherein the dianmeter
irst set is larger than the

f th 1.
gi aﬁﬁ?ﬁteggs?‘egfétcﬂrgs'ﬁtﬁ'gﬁg in the second set; and Page 42

an inner gasket configured to be mounted on the inner electrode, comprising a
plurali_ty of concentric flat rings connected by a pIUrality of spokes;

a first annular gasket configured to surround and be concentric with the inner gasket
and be mounted on the inner electrode, comprising a flat annular ring having a plurality
cutouts;

a second annular gasket configured to surround and be concentric with the first

annular gasket and be mounted on the outer electrode, comprising a flat annular ring

having a plurality cutouts;
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(c) the third annul ar gasket has eight cutouts on an
outer perineter configured to accomodate fastening
nmechani sms and no cutouts on an inner perineter. 12.
The gasket of claim@8, wherein: (a) the first annul ar
gasket has a thickness of about 0.006 inch, a width of
at q tggg@nr@ulqr gasket ponfighred §p arrenngnd be conceatsisuriththe gacond
i nches and an outer dianeter of about 12,47 inches;
ann@lgy gasket anddwermoowmerlivrathe gaskat shinasl, eorh briistrig efts a@fﬁulahmgthaving
0.006 inch, a width of at least 0.1 inch, an inner
a pldiatitjeduedut@f about 13. 90 inches and an outer dianeter
of about 16.75 inches; and (c) the third annular

wi dt h qf
agl?‘rilﬁe é’afﬁel'agmﬁda?% ?ngéctlgngolres 8Fgr}|_rt}e Phog(ﬁseﬂwe

f t 18.69 h 13 A
aI'EQWSWer?'}%FﬁDV&aQE?‘?&%r 2 8&‘88‘;500ﬁprl s: 2; ff}e i nner

el ectrode of claim1, the backi ng plate attached to
9. t hdhegadset of daimSowhkersin thacongeatris flat ringsamthetihieerghsiensied

fasteners, wherein the threaded fasteners are
contihmc&acd:edeg’nnﬁrmed.he blind threaded holes. 14. The

shower head el ectrode assenbly of claim 13, further

10. COMpe g%kk‘egof ddis Wﬁe@ém%@ﬁﬁé%@kéﬂ QY PSs @gt I'gg%@fx?h%(%entric flat

ext endi ng fl ange natlng Wi th The second

Ao P S R e o

enl ar heads nDunted on the outer electrode and

ring:Ngs 3p eéd@amergﬁa‘f least R¥AincB @np AN oHier Breietsrf pt mpss, 1.35
the rotatable cam shafts having eccentric cutouts

inchgisi thi secnpd gios bad arrigeet dirvaeter offat idast 535itshes bBbd ail beter diameter
shower head el ectrode assenbly of claim 14, wherein the

of at Aol 68 inghédntheltRir€ fing RdsQnlifkeR ldReh R A af FégétliSGSQf\chjeé 4nd an
to 1/2 the radius of the inner electrode and the

outEMn%g@q of gt‘?ﬁ&‘?[ﬁ%@%cﬂgdedé ﬁrtﬁ?nﬁg 'Iaéan ;HE%%# ter e?f at least 4.23

engage wth the threa I nd e socC

. di ng, st,uds. wi h enl arged heads, whi ch engage

a3 B eP PBeE AP of At TR o o A¥1661 66 BT PALE SgneRraiargeter o
such_that a stud nDunted on the inner electrode and a

at least; 8 7 RHishesandan queer diameser of at most 7.34 inches; the sixth ring has an inner

diameter of at least 7.34 inches and an outer diameter of at most 8.89 inches.
11. The gasket of claim 8, wherein:

(a) the first annular gasket has three cutouts on an outer perimeter configured to
accommodate fastening mechanisms and three cutouts on an inner perimeter configured to
accommodate alignment pins;

(b) the second annular gasket has one cutout on an inner perimeter and a first set of
eight holes configured to accommodate fastening mechanisms and a second set of three
holes configured to aliow tool access wherein the diameter of the holes in the first set is

larger than the diameter of the holes in the second set; and
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el ectrode are sinultaneously engaged in cutouts in one
of the rotatable canshafts. 16. A nethod of assenbling
t he shower head el ectrode assenbly of claim 15,
conprising: inserting the alignnment ring into the
annyl ar  gr.o00 n the m surface of the r
o1 R e Sl Gl Rad P AT R P o oy g
of unt hr eaded blind holes on the nmounting surface of
accqriypodain &steninganechaRismadirhng eujouta o andneyperieetemnd a
first annul ar gasket on the nounting surface of the
12. i niThe gadkewcdfrcathe 8, Wisertiani ng t he clanp ring around the
outer step of the inner electrode onto the backing

pl %)eth‘é"fﬁ'ﬁ aﬁmmar%raale‘t hs £ehidRALLS) a@cll.@%'oﬁg |&h5§\9famjof at least 0.1

annul ar gasket on the upper sur ace of the out

inche mn{ep 8§mettef' afsa ?{e g:g‘t)%[éche%uatn%ra ﬁ itdiraOdg?r of @F%‘&ttﬁé‘a énches,

reon an

to the backi ng plate with cam | ocks. Page 44
(b) the second annular gasket has a thickness of about 0.006 inch, a width of at least

0.1 inch, an inner diameter of about 13.90 inches and an outer diameter of about 16.75
inches; and

{c) the third annular gasket has a thickness of about 0.006 inch, a width of at least
0.1 inch, an inner diameter of 17.29 inches and an outer diameter of about 18.69 inches.
13, A showerhead electrode assembly comprising the inner electrode of claim 1, the
backing plate attached to the inner electrode by the clamp ring and the threaded fasteners,
wherein the threaded fasteners are threaded into the blind threaded holes.
14. The showerhead electrode assembly of claim 13, further coﬁprising:

the outer electrode ﬁaving an inwardly extending flange mating with the second step
of the inner electrode; the outer electrode attached to the backing plate by cam locks
comprising studs with enlarged Héads mounted on the outer electrode and rétatable cam
shafts mounted in the backing plate, the rotatable cam shafts having eccentric cutouts
which engage enlarged heads of the studs.
15. The showerhead electrode assembly of claim 14, wherein the threaded blind holes
are located on a radius of 1/4 to 1/2 the radius of the inner electrode and the threaded
fasteners comprise sockets threadedly engaged with the threaded blind holes, the sockets

including studs with enlarged heads which engage eccentric cutouts in the rotatable cam
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shafts such that a stud mounted on the inner electrode and a stud mounted on the outer
electrode are simultaneously engaged in cutouts in one of the rotatable camshafts.
16. A method of assembling the showerheéd electrode assembly of claim 15,
comprising:

inserting the alignment ring into the annular groove on the mounting surface of the
inner electrode;

.inserting alignment pins into the plurality of unthreaded blind holes on the mounting
surface of the inner electrode;

mounting an inner gasket and a first annular gasket on the mounting surface of the
inner electrode;

fastening the clamp ring around the outer step of the inner electrode onto the
backing plate with a plurality of bolts;

placing a sec_;ond annular gasket on.the upper surface of the outer electrode;

fastening the outer electrode with the outer gasket mounted thereon and the inner

electrode to the backing plate with cam locks.
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